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Lupus nephritis

T Comparison of a voclosporin-based
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high-dose glucocorticoid-based
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propensity analysis of the AURA-LV
and AURORA 1 studies and ALMS
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P immunosuppressive therapy regimens, resulting in an dose glucocorticoids (GCs) led to early and signif-
N improved safety profile without compromising efficacy. icant reductions in proteinuria with an acceptable
> Additional supplemental Methods Propensity score matching generated two safety profile.
material is published online only.  groups of matched participants from the voclosporin arms = Dual immunosuppressive therapy regimens con-
I‘r’]I‘I’r']‘zv‘(’hftf:jzjz:sgrg/‘%01“1r22'/ (in combination with MMF (2 g/day) and low-dose GCs) taining high-dose GCs and MMF or intravenous
lupus-2024-001319), of the Phase 2 AURA-LV anq Phase 3 AURORA 1 studles. cyclophosphamide gre st||[ frequentlly used for the
and the MMF (3 g/day) and intravenous cyclophosphamide management of active LN in the belief they may be
(IVC) arms (both in combination with high-dose GCs) of safer and more efficacious.
The work has been presented the ASpI‘eva Lupus Management Study (ALMS) induction
previously in abstract form study. Safety and efficacy outcomes were assessed over WHAT. THIS STUPY ADDS .
at American College of 6 months. = Th|§ propensity analyms_has aIIowe_d for_ a com-
Rheumatology 2023, LUPUS Results There were 179 matched participants parison _Of a voclospon_n-based triple Immuno-
2024, National Kidney identified between the AURA-LV/AURORA 1 studies and suppressive therapy regimen (voclosporin, MMF,
Foundation 20_24, European ALMS. The overall incidence of adverse events (AEs) and low-dose GCs) with high-dose GC-based dual
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GCs and MMF to treat LN when combined with voclosporin as a third
agent.

INTRODUCTION

Lupus nephritis (LN) is the most common manifestation
of systemic lupus erythematosus (SLE) and is charac-
terised by proteinuria. The long-term goal of treatment
is preservation of kidney function. In the short-term,
the goal is to reduce proteinuria, as early reduction in
proteinuria has been associated with improved long-term
kidney health and overall mortality. Because of this, treat-
ment recommendations include targeting a urine protein
creatinine ratio (UPCR) <0.5-0.7 g/ g within the first years
of treatment." *

The Aspreva Lupus Management Study (ALMS,
N=370) was an international randomised-controlled trial
investigating the effectiveness of mycophenolate mofetil
(MMF, 3g/day) as initial therapy for LN, based on data
suggesting MMF to be as effective as monthly pulse intra-
venous cyclophosphamide (IVC).”> Superiority of MMF
over IVC for initial therapy when used in combination
with high-dose glucocorticoids (GCs) was not demon-
strated. However, improvement in clinical outcomes was
observed in both study arms. MMF has since been used in
combination with GCs as an alternative to IVC for initial
treatment and eventually used for maintenance therapy.*

Despite demonstrated efficacy, the tolerability of IVC
and high-dose MMF has been a major drawback to their
use. Further, both IVC and MMF are used in combination
with high-dose GCs, which are also associated with consid-
erable toxicity.”® Recently updated treatment guidelines
for LN recommend limiting GC administration to the
lowest dose possible (<5mg/day) during maintenance."*

Voclosporin is a second-generation calcineurin inhib-
itor (CNI), with a modified side chain yielding an increase
in potency and potentially reducing adverse events (AEs)
related to calcineurin inhibition.” ' Voclosporin was
studied as part of a triple immunosuppressive regimen
in the Phase 2, 48-week AURA-LV and Phase 3, 52-week
AURORA 1 studies. These studies, enrolling a total of
534 participants, investigated the addition of voclosporin
to low-dose MMF (2g/day) and low-dose GCs.'"™ Both
trials demonstrated significant and earlier reductions
in proteinuria with the addition of voclosporin and, the
subsequent extension study, AURORA 2, confirmed the
acceptable safety profile with durable efficacy up to 36
months.!* ' Based on these results, recent updates to
treatment guidelines have included voclosporin-based
triple immunosuppressive therapy as an initial option for
active LN.'?

Doses of GCs and MMF used in the voclosporin studies
were lower than the doses used in ALMS and many prior
LN studies.” ' 21917 Our objective was to compare the
safety and efficacy of a voclosporin-based triple immu-
nosuppressive regimen to the high-dose GC-based, IVC
and MMF regimens used in ALMS. We hypothesised that

triple immunosuppressive therapy with voclosporin, low-
dose GCs and MMF as used in recent voclosporin trials
would reduce exposure to toxicities associated with the
high-dose GC-based dual immunosuppressive therapy
regimens used in ALMS, resulting in an improved safety
profile and maintained efficacy.

METHODS

Study design

The initial/induction phase of ALMS was conducted
between July 2005 and March 2007. AURA-LV was
conducted between June 2014 and January 2017, and
AURORA 1 was conducted between May 2017 and
October 2019. Results from the original trials have been
published.” ' #

Participants

The current analysis included participants from the
following arms of the parent studies: AURA-LV (n=89):
voclosporin 23.7mg twice daily+MMF 2g/day+GCs (max
25mg/day); AURORA 1 (n=178): voclosporin 23.7mg
twice daily+MMF 2g/day+GCs (max 25mg/day); and
ALMS (n=185): MMF 3g/day+GCs (max 60mg/day;
n=185); ALMS (n=185): IVC O.5—1.Og/m2/m0nth+GCs
(max 60mg/day). The study designs and key differences
in exclusion and inclusion criteria are highlighted in
online supplemental figure 1 and table 1.

Dosing

The AURA-LV/AURORA 1 participants included in this
propensity analysis received voclosporin 23.7 mg twice
daily in combination with MMF (2g/day) and oral GCs.
GCs were administered according to a protocol-defined
tapering schedule consisting of intravenous methyl-
prednisolone (0.5g/day; 0.25g/day if <45kg) on days 1
and 2, followed by oral prednisone on day 3, starting at
20-25mg/day and decreasing to <2.5mg/day by week 16
(figure 1). If participants required treatment with intra-
venous methylprednisolone after day 3, they were discon-
tinued from study treatment and considered a treatment
failure. Due to the expected haemodynamic effects of
CNIs on estimated glomerular filtration rate (eGFR),
the protocols provided guidance on study drug modifica-
tion for participants experiencing decreases in eGFR or
increases in blood pressure.

In ALMS, participants were randomised to MMF
(titrated up to 3g/day by week 3) or IVC (0.5-1.0 g/m*/
month x six doses) in combination with oral GCs. GCs
were initiated at 0.75-1.0mg/kg/day (maximum 60 mg/
day) and tapered by 10 mg/day every 2weeks to 40 mg/
day, followed by reductions of 5mg/day every 2weeks to
10mg/day (figure 1). Reductions below 10 mg/day were
allowed after 4weeks of stable response. Participants
were withdrawn and considered non-responders if they
required treatment with intravenous GCs.

Statistical analysis
Propensity score methodology generated two groups of
matched participants (179 pairs) from the ALMS (IVC
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Figure 1

Protocol-defined GC tapering schedule. In ALMS, oral GCs were initiated at a maximum dose of 60 mg/day and the

dose decreased by 10 mg/day every 2 weeks until a dose of 40 mg/day was reached, then by a further 5 mg/day every 2 weeks
until 10 mg/day was reached. Reductions below 10 mg/day were allowed after 4 weeks of stable response. In AURA-LV and
AURORA 1, intravenous methylprednisolone was administered on days 1 and 2. Oral GCs were initiated on day 3 with 20-25
mg/day prednisone and tapered to a target dose of 2.5 mg/day at week 16. ALMS, Aspreva Lupus Management Study; GC,

glucocorticoid.

and MMF arms) and AURA-LV/AURORA 1 (voclosporin
arms) studies based on the following parameters: age,
duration of LN, duration of SLE, albumin, complement
(C) 3, C4, serum creatinine, anti-double-stranded deox-
yribonucleic acid (dsDNA), eGFR, UPCR, biopsy class,
sex and geographical region. The proportions of partici-
pants achieving UPCR outcomes at 3 and 6 months were
calculated using a logistic regression model with terms for
treatment arm, baseline UPCR, biopsy class and region.
Change from baseline measures was summarised using
least square (LS) means and 95% ClIs calculated from
a general linear model including covariates for treat-
ment group and baseline value. Median time-to-event
measures (95% CI) were calculated using the Kaplan-
Meier method; HRs and 95% CIs were derived from the
Cox proportional hazards model. Descriptive statistics,
including means, SD, counts and percentages, were used
to describe baseline demographics, disease characteris-
tics, and the incidence of AEs.

Endpoints

Safety and efficacy were assessed at 3 months (12 weeks)
and 6 months (24 weeks). Safety assessments were
performed by treatment arm (IVC, MMF and voclo-
sporin), highlighting the safety impact of each therapy,
and included AEs occurring on or after the first dose of
study drug up to either 3 or 6 months of treatment. AEs
were coded by System Organ Class and Preferred Term
using MedDRA v9.1 (ALMS), v17.0 (AURA-LV) and v20.0
(AURORA 1). Select laboratory parameters were assessed.

Efficacy outcomes by treatment arm are presented
here; efficacy outcomes were also performed by study
to preserve the integrity of the propensity matching and
are presented in the supplement. Efficacy was analysed
based on the following endpoints derived from the 2023
EULAR guidelines: reduction in UPCR from baseline of
>25% at 3 months, reduction in UPCR from baseline of
>50% at 6 months and reduction to UPCR <0.5g/g at 6
months (as the induction phase of the ALMS ended at 6
months). Additionally, time to 250% reduction in UPCR
from baseline, time to UPCR <0.5g/g and mean UPCR
over time were analysed.

We focused on early safety outcomes partly to align with
the design and shorter duration of the induction phase
of the 24-week ALMS. Also, as the difference between
studies in the exposure to GCs was greatest during the
first few months of treatment (figure 1), the potential to
observe differences in acute tolerability would presum-
ably also be the greatest during this time. We were also
interested in efficacy outcomes within the first 6 months
given the importance of early reductions in proteinuria
on long-term kidney outcomes.'®*’

RESULTS

Of 534 participants in the AURA-LV and AURORA 1
studies and 370 participants in ALMS, 179 propensity-
matched participants were identified. Of the 179
voclosporin-treated participants, 78 participated in
AURA-LV and 101 participated in AURORA 1. From
ALMS, 91 IVC-treated and 88 MMF-treated participants

Dall'Era M, et al. Lupus Science & Medicine 2024;11:001319. doi:10.1136/lupus-2024-001319 3
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Table 1 Matched baseline disease characteristics by treatment arm

ALMS AURA-LV/AURORA 1

Parameter, n (%) IVC (n=91) MMF (n=88) Total (N=179) Voclosporin (N=179)
Age, years

Median (Min, Max) 31.0 (12, 52) 33.0 (14, 64) 32.0 (12, 64) 30.0 (18, 66)
Sex

Male 11 (12.1) 8(9.1) 19 (10.6) 19 (10.6)

Female 80 (87.9) 80 (90.9) 160 (89.4) 160 (89.4)
Geographical region

Asia 33 (36.3) 33 (37.5) 66 (36.9) 65 (36.3)

Europe/South Africa/Australia 18 (19.9) 23 (26.1) 41 (22.9) 42 (23.5)

Latin America 28 (30.8) 27 (30.7) 55 (30.7) 48 (26.8)

USA and Canada 12 (13.2) 5(5.7) 17 (9.5) 24 (13.4)
Duration of SLE, years

Mean (SD) 4.6 (5.7) 6.5 (7.0) 5.5 (6.4) 5.3 (6.1)
Duration of LN, years

Mean (SD) 3.1 (4.6) 3.34.2) 3.2 (4.4) 3.2(4.5)
Biopsy class

Class Il 6 (6.6) 11 (12.5) 17 (9.5) 18 (10.1)

Class IV 49 (53.8) 49 (565.7) 98 (54.7) 97 (54.2)

Class V 19 (20.9) 14 (15.9) 33 (18.4) 27 (15.1)

Class lll and V 7(7.7) 6 (6.8) 13 (7.3) 19 (10.6)

Class IV and V 10 (11.0) 8(9.1) 18 (10.1) 18 (10.1)
eGFR, mL/min/1.73m?

Mean (SD) 94.6 (32.9) 85.9 (31.7) 90.4 (32.5) 92.8 (30.7)
Albumin, g/dL

Mean (SD) 2.8(0.7) 3.0 (0.7) 2.9(0.7) 2.9(0.7)
UPCR, g/g

Mean (SD) 4.2 (3.0) 4.2 (4.6) 4.2 (3.8) 4.3 (3.3
Serum creatinine, mg/dL

Mean (SD) 0.8 (0.2) 0.9 (0.3) 0.8 (0.3) 0.8 (0.3)
Complement 3, mg/dL

Mean (SD) 69.0 (29.2) 79.2 (31.0) 74.0 (30.5) 76.7 (33.1)

Low <90mg/dL, n (%) 69 (75.8) 61 (69.3) 130 (72.6) 117 (65.4)
Complement 4, mg/dL

Mean (SD) 13.4 (8.9) 15.3 (12.4) 14.3 (10.7) 15 (9.0)

Low <10mg/dL, n (%) 35 (38.5) 34 (38.6) 69 (38.5) 60 (33.5)
Anti-dsDNA, 1U/mL

Mean (SD) 122.6 (105.5) 106.7 (74.3) 114.8 (91.6) 114.1 (122.6)

High >101U/mL, n (%) 87 (95.6) 86 (97.7) 173 (96.6) 160 (89.4)

Propensity score methodology was used to generate two groups of matched participants (N=179) from the ALMS and AURA-LV/AURORA 1 (voclosporin) studies
based on the following parameters: age, duration of LN, duration of SLE, albumin, complement 3, complement 4, creatinine, anti-dsDNA, eGFR, UPCR, biopsy

class, sex and geographical region. All values are presented as number of participants (percentage) unless otherwise noted.
ALMS, Aspreva Lupus Management Study; Anti-dsDNA, anti-double strand DNA; eGFR, estimated glomerular filtration rate; LN, lupus nephritis; SLE, systemic

lupus erythematosus; UPCR, urine protein creatinine ratio.

were included. As expected, the baseline demographics
and disease characteristics were similar between the three
treatment arms (table 1; online supplemental table 2).
The majority of participants were female (IVC, 87.9%;
MMEF, 90.9%; voclosporin, 89.4%), had Class IV disease
(IVC, 53.8%; MMF, 55.7%; voclosporin, 54.2%) and a
mean duration of LN of 3.1-3.3 years. All three treatment

arms had mean (SD) UPCR greater than 4g/g at baseline
(IVC, 4.2 (3.0) g/g; MMF, 4.2 (4.6) g/g; voclosporin, 4.3
(3.3) g/g).

Similar percentages of participants across the three
arms were receiving renin-angiotensin—aldosterone
system (RAAS) agents at baseline (IVC, 51.6%; MMEF,
58.0%; voclosporin, 60.3%), and a greater percentage
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Figure 2 Corrected eGFR over 6 months by treatment arm. Propensity score methodology was used to generate two groups
of matched participants (n=179) from the ALMS (IVC and MMF) and AURA-LV/AURORA 1 (voclosporin) studies based on the
following parameters: age, duration of lupus nephritis, duration of SLE, albumin, C3, C4, creatinine, anti-dsDNA, eGFR, UPCR,
biopsy class, sex and geographical region. Only participants with available data at the specified time points are included in the
analysis. To account for baseline kidney hyperfiltration known to precede chronic kidney disease, analyses of corrected eGFR
(utilising the Modification of Diet in Renal Disease (ALMS) and Chronic Kidney Disease Epidemiology Collaboration (AURA-
LV/AURORA 1) equations) constrained all values to a maximum of 90 mL/min/1.73 m? to mitigate the risk of false negativity.
Change from baseline measures were calculated using least square means and 95% Cls calculated from a general linear
model including covariates for treatment group and baseline value. ALMS, Aspreva Lupus Management Study; C, complement;
dsDNA, double-stranded deoxyribonucleic acid; eGFR, estimated glomerular filtration rate; IVC, intravenous cyclophosphamide;
MMF, mycophenolate mofetil; SLE, systemic lupus erythematosus; UPCR, urine protein creatinine ratio.

AURA-LV; the increased incidence of death reported in
this study has been explained elsewhere. "’

Estimated glomerular filtration rate

Due to the known haemodynamic effects of calcineurin
inhibition, there was a decrease in eGFR (mean decrease
in eGFR -2.83mlL/min/1.73 m2) within the first 4weeks
of treatment with voclosporin, after which the trajectory
of eGFR remained stable, and mean values remained
in the normal range (figure 2). Mean corrected eGFR
in voclosporin-treated  participants was 77.4mL/
min/1.78m? at baseline and 78.2mL/min/1.73m? at
week 24, compared with 77.4mL/min/1.73 m? and
84.2mL/min/1.73m? in the MMF arm, and 78.3mL/
min/1.73m? and 82.3mL/min/1.73m? in the IVC arm.
Of the 44 (24.6%) AEs of GFR decreased reported in the
voclosporin arm, one was considered serious.

Efficacy

Voclosporin was associated with earlier and greater
reductions in proteinuria than IVC or MMF. At 3 months,
significantly more participants treated with voclosporin
achieved a >25% UPCR reduction from baseline (figure 3,
table 4, p<0.005). At 6 months, the proportion of partici-
pants achieving UPCR <0.5 g/g was numerically greater in

the voclosporin arm compared to the IVC arm, although
the difference did not reach statistical significance; the
proportion of participants achieving UPCR <0.5g/g was
significantly greater in the voclosporin arm compared to
the MMF arm (p<0.005). The proportion of participants
achieving a >50% UPCR reduction from baseline was
significantly greater in voclosporin-treated participants
than in either IVC- or MMF-treated participants (figure 3,
table 4, p=0.029, p=0.013, respectively).

Reduction in UPCR to <0.5g/g at any time during the
study period was achieved by 52% of voclosporin-treated
participants compared with 40.5% and 41.8% of partici-
pants treated with IVC and MMF, respectively; the median
time to this endpoint for the voclosporin group was 142
days (95%CI 115.0, not determinable); median times
were not determinable for either the IVC or MMF arm
as less than 50% of participants achieved the endpoint
within the 6-month study period (voclosporin vs IVC: HR
1.43; 95% CI 0.96, 2.13; p=0.083 and voclosporin vs MMF:
HR 1.39; 95% CI 0.93, 2.07; p=0.105; figure 4A, online
supplemental table 7).

The proportion of participants achieving >50% reduc-
tion in UPCR from baseline at any time during the study
was 89.9%, 74.4%, and 76.3%, in the voclosporin, MMF,
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Figure 3 Efficacy outcomes at 3 and 6 months by treatment arm. Propensity score methodology was used to generate

two groups of matched participants (N=179) from the ALMS (IVC and MMF) and AURA-LV/AURORA 1 (voclosporin) studies
based on the following parameters: age, duration of lupus nephritis, duration of SLE, albumin, C3, C4, creatinine, anti-dsDNA,
eGFR, UPCR, biopsy class, sex and geographical region. The proportion of participants achieving UPCR outcomes at 3 and

6 months was calculated using a logistic regression model with terms for treatment arm, baseline UPCR, biopsy class and
region. *p<0.05; **p<0.005; **p<0.0005. ALMS, Aspreva Lupus Management Study; C, complement; dsDNA, double-stranded
deoxyribonucleic acid; eGFR, estimated glomerular filtration rate; IVC, intravenous cyclophosphamide; MMF, mycophenolate
mofetil; SLE, systemic lupus erythematosus; UPCR, urine protein creatinine ratio.

and IVC arms, respectively, with median times to this
endpoint of 29, 85, and 58 days (voclosporin vs IVC: HR
2.02; 95% CI 1.50, 2.73; p<0.001; voclosporin vs MMF: HR
1.67; 95% CI 1.24, 2.25; p<0.001; figure 4, online supple-
mental table 7).

The LS mean change (SE) from baseline in UPCR over
the 6-month period was -2.98 (0.15) g/g in voclosporin-
treated participants compared with -2.30 (0.22) g/g and
-2.75 (0.22) g/g in the IVC and MMF arms, respectively
(online supplemental figure 2).

A comparison of outcomes by study (ALMS vs
AURA-LV/AURORA 1) also demonstrated a significant

benefit with voclosporin-based, triple immunosuppres-
sive therapy across all efficacy endpoints (online supple-
mental table 8 and figures 3 and 4).

DISCUSSION

This analysis used propensity score methodology to
compare early safety and efficacy outcomes associated
with the voclosporin-based triple immunosuppressive
regimen used in the AURA-LV and AURORA 1 studies
with the high-dose GC-based dual immunosuppressive
therapy regimens used in ALMS.

Table 4 Efficacy outcomes at 3 and 6 months by treatment arm

ALMS AURA-LV/AURORA 1
IVC (n=91) MMF (n=88) VCS (N=179)
At 3months
UPCR reduction of >25%, n (%) 56 (61.5) 68 (77.3) 164 (91.6)
OR (95% Cl), p value VCS vs IVC or MMF 6.88 (3.48,>9.99), p<0.001  3.06 (1.47, 6.37), p=0.003
At 6 months
UPCR <0.5g/g, n (%) 27 (29.7) 15 (17.0) 68 (38.0)
OR (95% Cl), p value VCS vs IVC or MMF 1.54 (0.87, 2.73), p=0.141 3.24 (1.68, 6.25), p<0.001
UPCR reduction of 250%, n (%) 52 (57.1) 50 (56.8) 127 (70.9)

OR (95% Cl), p value VCS vs IVC or MMF

1.83 (1.06, 3.14), p=0.029

2.00 (1.16, 3.45), p=0.013

Propensity score methodology was used to generate two groups of matched participants (N=179) from the ALMS (IVC and MMF) and
AURA-LV/AURORA 1 (voclosporin) studies based on the following parameters: age, duration of lupus nephritis, duration of SLE, albumin,
C8, C4, creatinine, anti-dsDNA, eGFR, UPCR, biopsy class, sex and geographical region. The proportion of participants achieving UPCR
outcomes at 3 and 6 months was calculated using a logistic regression model with terms for treatment arm, baseline UPCR, biopsy class
and region. ORs >unity indicate a benefit of voclosporin treatment over IVC or MMF.
ALMS, Aspreva Lupus Management Study; C, complement; dsDNA, double-stranded DNA; eGFR, estimated glomerular filtration rate;
IVC, intravenous cyclophosphamide; MMF, mycophenolate mofetil; SLE, systemic lupus erythematosus; UPCR, urine protein creatinine

ratio; VCS, voclosporin.
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Figure 4
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(A) Kaplan-Meier curves for probability of UPCR <0.5 g/g by treatment arm. (B) Kaplan-Meier curves for probability

of UPCR reduction >50% from baseline by treatment arm. Propensity score methodology was used to generate two groups

of matched participants (N=179) from the ALMS (IVC and MMF) and AURA-LV/AURORA 1 (voclosporin) studies based on the
following parameters: age, duration of lupus nephritis, duration of SLE, albumin, C3, C4, creatinine, anti-dsDNA, eGFR, UPCR,
biopsy class, sex and geographical region. Median time to event (95% CI) calculated using Kaplan-Meier methods. Participants
who did not achieve the event were censored on the day of their last available UPCR assessment. HRs and 95% Cls were
derived from a Cox proportional hazards model with terms for treatment group, baseline UPCR, biopsy class, mycophenolate
mofetil use at screening and region. ALMS, Aspreva Lupus Management Study; C, complement; dsDNA, double-stranded
deoxyribonucleic acid; eGFR, estimated glomerular filtration rate; IVC, intravenous cyclophosphamide; MMF, mycophenolate
mofetil; SLE, systemic lupus erythematosus; UPCR, urine protein creatinine ratio.

We acknowledge that not all dual immunosuppressive
therapy regimens require drugs to be given at high doses;
indeed, MMF at 2g/day and low-dose cyclophospha-
mide dosing based on the Euro-Lupus regimen are also
commonly used in clinical practice.”! However, compared
with the high-dose GC-based dual immunosuppressive
therapy regimens used in ALMS, voclosporin-based triple
immunosuppressive therapy resulted in fewer AEs overall

and greater and earlier reductions in proteinuria. Taken
together with results from the original AURA-LV and
AURORA 1 studies and the AURORA 2 continuation
study, these data reinforce the feasibility of using low
doses of GCs and MMF to treat LN when combined with
voclosporin as a third agent.'"™"

The safety profile of voclosporin in this study was
concordant with that observed in the overall AURA-LV

Dall'Era M, et al. Lupus Science & Medicine 2024;11:001319. doi:10.1136/lupus-2024-001319 9
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and AURORA-1 trials. Consistent with the known haemo-
dynamic effect of calcineurin inhibition on the kidney
vasculature, the voclosporin arm of this analysis saw a
small decrease in eGFR within the first 4weeks of treat-
ment and also reported higher numbers of AEs of GFR
decreased and hypertension. However, after the initial
reduction in eGFR, mean values remained stable and
within the normal range over the 6-month study period
(figure 2). In AURORA 2, in which participants were
treated with voclosporin for up to 24 months following
AURORA 1, long-term renal function was evaluated by
calculating the change in eGFR slope during AURORA 2,
taking into account the expected acute and early changes
in eGFR that occurred in the first year of treatment in
AURORA 1. From 12 months onward, the corrected eGFR
slope was -0.2mL/min/1.73 m? (95% CI -3.0, 2.7) in the
voclosporin arm compared with -5.4mL/min/1.73 m?
(95% CI -8.4, 2.3) in the control arm, suggesting that
voclosporin may have a role in kidney preservation with
long-term use."” Additional data from a repeat biopsy
substudy of AURORA 2 showed that exposure to voclo-
sporin did not result in CNI-associated nephrotoxicity
based on histopathologic evaluation over approximately
18 months of treatment.'*

Safety outcomes from the ALMS participants of this
analysis were consistent with the known toxicities of pulse
IVC and MMF.*** The IVC arm had higher rates of AEs
associated with the skin, blood and lymphatic, and repro-
ductive systems including alopecia, leucopenia, amenor-
rhea and neutropenia. As expected, participants in the
MMF arm of this analysis had higher rates of AEs of the
gastrointestinal tract and infections than participants
treated with either IVC or voclosporin.

The incidence of AEs leading to death in this analysis
was consistent with that observed in the parent studies.
There were fewer deaths in the IVC arm and a similar
incidence of deaths in the MMF and voclosporin arms. In
the original ALMS, there were 5 (2.8%) deaths in the IVC
arm and 9 (4.9%) in the MMF arm, compared with a total
of 11 (4.1%) deaths in the voclosporin arms (23.7mg
twice daily) of the AURA-LV/AURORA 1 studies.” ' '*

While the utility of GCs has been recognised for decades,
concerns about their safety have brought their use in
active LN into question.”® #* In SLE, increased end-organ
damage and mortality are associated with cumulative GC
exposure independent of disease severity or duration.?’
In the current analysis, mean exposure to GCs was more
than twofold higher in the IVC and MMF arms over the
6-month period than in voclosporin-treated participants
of AURA-LV/AURORA 1, and mean daily doses of GCs
at 3 and 6 months were threefold and nearly twofold
greater, respectively, in ALMS. These data reflect differ-
ences in the protocol-specified, GC-tapering regimens
used in ALMS compared with the voclosporin trials that
were aligned with current standards of care at the time
each study was conducted. Consistent with this increased
exposure, both arms of ALMS experienced greater rates
of AEs associated with GC toxicity, including AEs related

to psychiatric disorders, and the endocrine, musculoskel-
etal and connective tissue systems. Further, participants
of ALMS had higher rates of Cushing’s syndrome, cushin-
goid disease and hyperglycaemia than voclosporin-treated
participants. Differences in the safety profiles appeared as
early as 3 months and persisted throughout the study.

Recent updates to guidelines on the management of
LN suggest tapering GCs to <bmg/day for maintenance
dosing depending on the severity of the initial disease." >
In this study, and consistent with each study’s respective
GC-tapering protocol, 1.1% and 0% of the IVC and MMF
arms of ALMS, respectively, achieved a dose of 2.5mg/
day by month 6 compared with 71.5% of the voclosporin
group. Yet, even with the lower doses of GCs and MMF
administered in AURA-LV and AURORA 1, these partic-
ipants still achieved greater and earlier reductions in
proteinuria than ALMS participants.

Multitargeted therapy has become an increasingly viable
and attractive treatment approach in LN, in part due to
the ability to address the varied mechanisms underlying
the disease.?° For example, CNIs, including voclosporin,
demonstrate immunosuppressive activity through their effect
on T cells and have also been shown to directly protect the
podocyte cytoskeleton by inhibiting the calcineurin-mediated
dephosphorylation of synaptopodin, stabilising the podocyte
and safeguarding against proteinuria.”’ ™ Further, a multi-
targeted approach decreases exposure to dose-dependent
toxicities associated with the use of individual or dual therapy
regimens used at higher doses. In the voclosporin trials, triple
therapy with voclosporin and low doses of both GCs and MMF
resulted in superior complete response rates compared with
low-dose GCs and MMF alone.""™"* It has been argued that the
control arms of the voclosporin studies may have been under-
dosed and comparing voclosporin-based triple immunosup-
pressive therapy with higher doses of GCs and MMF would
yield different results. The question may never be settled in
the absence of a prospective, randomised-controlled trial.
Yet, we have attempted to address this issue by analysing data
from propensity score-matched participants of three of the
largest, prospective, randomised-controlled trials in LN.

While propensity score methodology is useful when
head-to-head trials are not feasible, there are limita-
tions. Propensity analyses are limited in their ability to
adequately represent the incidence of rare safety findings,
such as certain AEs and serious AEs, including death. It
must be noted that the populations of both the ALMS and
pooled AURA-LV/AURORA 1 datasets were substantially
reduced in the propensity matching. While the safety data
presented here are in line with previous studies, caution
should be made when interpreting safety events occur-
ring in small numbers of participants. Additional limita-
tions associated with propensity score matching include
the ability to only control for specifically chosen variables.
An inherent bias is therefore associated with the exclu-
sion of other variables and of unmatched subgroups of
participants, which may change the target population of
interest and the outcomes observed.
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It should also be noted that there was a 15-year time
difference between ALMS and AURA-LV/AURORA 1
during which standards of care changed and certain
therapies, including monoclonal antibodies, became
more widely available for treating LN. For example,
differences in clinical practice may be reflected in the
more than twofold higher rate of baseline hydroxy-
chloroquine use in the voclosporin studies compared
with ALMS, as more recent data have demonstrated
an association between hydroxychloroquine use and
reduced risk of renal flares and improved response
rates in LN.**?® Further, ALMS participants could
not be exposed to MMF therapy within 12 months
prior to randomisation, whereas 48.1% of the voclo-
sporin arm had been receiving MMF at screening.
These factors were unable to be controlled through
propensity score matching. However, it is possible that
AURA-LV/AURORA 1 participants may have received
more pretreatment than ALMS participants and there-
fore been more resistant to therapy or characterised
by more refractory disease; despite this, this analysis
showed treatment with a voclosporin-based regimen
resulted in greater and earlier impacts on proteinuria
while improving overall safety outcomes.

Lastly, this analysis only documents safety and effi-
cacy outcomes during the first 6 months of treatment.
Yet, it is informative that GC-related toxicities were
already apparent in the ALMS participants as early
as 3months. Given the growing body of evidence
suggesting that GC-related toxicity is associated
both with dose and duration of treatment, the early
appearance of toxicities in ALMS is highly suggestive
of greater toxicity with continued use. Differences
in efficacy were observed across the three treat-
ment arms as early as 3 months as well. This is note-
worthy given that early reduction in proteinuria has
been shown to be predictive of improved long-term
kidney outcomes in LN as well as other proteinuric
states.””*

In conclusion, over the first 6 months of treatment,
voclosporin-based triple immunosuppressive therapy
(voclosporin, low-dose MMF and GCs) was associated
with a better overall safety profile than the high-dose
GC-based dual-immunosuppressive therapy regimens
used in ALMS, as well as greater and earlier reductions
in proteinuria. These data support treatment guidelines
that recommend both minimising patient exposure to
GCs and using triple immunosuppressive therapy regi-
mens as initial therapy in active LN.
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