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Glossary
AC
ADME
AE
AR
BLA
BPCA
BRF
CBER
CDER
CDRH
CDTL
CFR
CMC
COSTART
CRF
CRO
CRT
CSR
CSS
DMC
ECG
eCTD
eGFR
ETASU
FDA
FDAAA
FDASIA
GCP
GRMP
ICH
IND
ISE
ISS
ITT
MedDRA
mITT
NCI-CTCAE
NDA
NME
OCS

advisory committee
absorption, distribution, metabolism, excretion
adverse event
adverse reaction
biologics license application
Best Pharmaceuticals for Children Act
Benefit Risk Framework
Center for Biologics Evaluation and Research
Center for Drug Evaluation and Research
Center for Devices and Radiological Health
Cross-Discipline Team Leader
Code of Federal Regulations
chemistry, manufacturing, and controls
Coding Symbols for Thesaurus of Adverse Reaction Terms
case report form
contract research organization
clinical review template
clinical study report
Controlled Substance Staff
data monitoring committee
electrocardiogram
electronic common technical document
estimated glomerular filtration rate
elements to assure safe use
Food and Drug Administration
Food and Drug Administration Amendments Act of 2007
Food and Drug Administration Safety and Innovation Act
good clinical practice
good review management practice
International Conference on Harmonisation
Investigational New Drug
integrated summary of effectiveness
integrated summary of safety
intent to treat
Medical Dictionary for Regulatory Activities
modified intent to treat
National Cancer Institute-Common Terminology Criteria for Adverse Event
new drug application
new molecular entity
Office of Computational Science
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OPQ
OSE
OSI
PBRER
PD
PI
PK
PMC
PMR
PP
PPI
PREA
PRO
PSUR
REMS
SAE
SAP
SGE
SOC
TEAE
UPCR

Office of Pharmaceutical Quality
Office of Surveillance and Epidemiology
Office of Scientific Investigation
Periodic Benefit-Risk Evaluation Report
pharmacodynamics
prescribing information
pharmacokinetics
postmarketing commitment
postmarketing requirement
per protocol
patient package insert (also known as Patient Information)
Pediatric Research Equity Act
patient reported outcome
Periodic Safety Update report
risk evaluation and mitigation strategy
serious adverse event
statistical analysis plan
special government employee
standard of care
treatment emergent adverse event
urine protein/creatinine ratio
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1 Executive Summary
Product Introduction
Voclosporin is a novel calcineurin inhibitor (CNI), an analogue of cyclosporine A; the chemical
structure of voclosporin is almost identical to that of cyclosporine A with one amino-acid
substitution difference. The mechanism of action of CNI’s is believed to be reduction of
cytokine production (including interleukin-2) leading to a reduction in the activation of
immunocompetent lymphocytes (particularly T lymphocytes). Additionally, CNI’s are believed
to promote stabilization of podocyte function thus decreasing proteinuria.

Conclusions on the Substantial Evidence of Effectiveness
Background:
The Applicant, Aurinia Pharmaceuticals Inc., submitted an original New Drug Application (NDA)
seeking marketing approval of voclosporin administered orally for the treatment of patients
with lupus nephritis (LN).
Clinical program:
The Applicant submitted the results from two randomized, double-blind, placebo-controlled
trials, AURORA-1 and AURA-LV. AURORA-1 was a 52-week phase 3 study comparing voclosporin
23.7 mg BID (n=179) vs. placebo (n=178). AURA-LV was a 48-week phase 2 study comparing
voclosporin 23.7 mg BID (n=89) vs. voclosporin 39.5 mg BID (n=88) vs. placebo (n=88). Both
trials enrolled SLE patients with biopsy-proven active Class III or IV LN (alone or in combination
with Class V LN) or pure Class V LN. The protocols required all subjects to receive background
treatment with mycophenolate mofetil (MMF) 2 grams/day and an IV bolus of corticosteroids
(500 mg/day for 2 days) followed by an oral corticosteroid taper down to
prednisone by Week 16; the protocol also had provisions for adjusting voclosporin dosing based
on eGFR and BP.
AURORA-1: The primary basis of efficacy for the treatment of LN comes from the AURORA-1
study with supportive evidence from a dose-ranging phase 2 study, AURA-LV. Over the course
of the AURORA-1 study, the Applicant made modifications to the definitions used in evaluating
the primary and secondary endpoints. The changes to the primary and secondary endpoints
were in response to emerging new information in the literature and evolving treatment
paradigm for lupus nephritis and the clinical relevance of various renal measures. The primary
evidence of efficacy is derived from a composite endpoint, Complete Renal Response (CRR), at
Week 52 (In order to be considered a responder, the patient must not have received more than
also, patients who received rescue medication or withdrew from the study were considered
non-responders.). Supportive key secondary endpoints were CRR at Week 24, and Time to
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accumulating clinical experience and evolving scientific understanding of the management of
lupus nephritis.
CRR: The components of CRR include measures of proteinuria and renal function, both of
which are biomarkers. However, improvement/normalization of proteinuria and renal
function (captured by the CRR) are the primary objectives of the clinical management of
lupus nephritis, as improvement/normalization of these measures have been associated
with a reduction in the risk of subsequent adverse renal outcomes, including progression to
end-stage renal disease/renal replacement therapy, or death, clearly important clinical
outcomes.
its association with increased longmg/mg is a clinically relevant parameter because a faster improvement/normalization of
proteinuria provides reassurance that a patient is responding to the current treatment.
AURA-LV: Supportive evidence of efficacy for the treatment of LN comes from the AURA-LV
study. The primary endpoint was CRR at Week 24; a supportive secondary endpoint was CRR at
Week 48.
Considerations on endpoint selection:
The ultimate goal of treatment is to produce a beneficial impact on how a patient may feel,
function, or survive. Being able to assess the clinical benefit accurately is critical to being able to
make accurate benefit:risk conclusions about treatment. With LN, the ultimate goal of
treatment is the long-term survival of the kidney as a major organ, and ultimately, the patient.
We know that patients with LN have increased mortality and die earlier than SLE patients
without LN; and we know that development of end-stage renal disease (ESRD) also confers the
highest mortality rates among SLE patients. Importantly, we also know that 10-year survival
improves from 46% to 95%, if disease remission can be achieved. 1,2 These important outcomes
are extremely difficult to assess in the time-frame of a feasible pre-marketing randomized,
controlled trial, and have made it difficult to develop and approve effective therapies for LN. In
light of this high unmet medical need, in this application FDA has considered the practical,
intermediate goals of clinical treatment being operationalized by clinicians in practice every day
for their patients, the various criteria proposed for establishing an efficacy endpoint, and the
information available from published literature.
While there may not be studies to address every proposed criterion for the proposed endpoint,
there is information to support many of the important criteria. Specifically, proteinuria and

1
2

Almaani S, et al. Clin J Am Soc Nephrol, 2017; 12:825-835.
Inda-Filho A, et al. Seminars in Dialysis, 2013; 26(5):590-596.
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renal function are measures that have been shown to be a reflection of the mechanistic
pathway of interest, given known pathophysiologic processes of immune-mediated
inflammation, leading to renal parenchymal damage, scarring, and dysfunction. Further, many
decades of experience with empiric immunosuppressive therapy used to suppress this immunemediated inflammation have in fact been associated with an improvement in survival, when the
immunosuppressive therapy used has acceptable safety for chronic use. 3 Renal response
endpoints based on improvements in proteinuria and renal function are practical and feasible
endpoints that have been successfully used in clinical studies of lupus nephritis and have
consistently correlated with improvements in clinically meaningful long-term outcomes like
lower risk of progression to end-stage renal disease (ESRD) and death. 4,5
Historically, sponsors have been encouraged to evaluate 3 components as part of the renal
response; these include improvements in renal function as read by serum creatinine (sCr) or
estimated glomerular filtration rate (eGFR), urinary sediment, and proteinuria. The data in the
scientific literature indicate that reduction in proteinuria at 12 months is a good predictor of
long-term outcomes in patients with lupus nephritis. Specifically, proteinuria reduction to 0.50.7 g/day in response to treatment is associated with increased long-term kidney survival and is
recommended as a treatment target in LN. The Euro-Lupus Nephritis Trial (ELNT) was a
European-based multicenter, prospective, randomized trial in a mostly Caucasian European
population that compared glucocorticoids in combination with either high-dose or low-dose
intravenous cyclophosphamide (IV CYC) for induction treatment of proliferative LN. 6 Analysis of
the data from the ELNT showed the level of proteinuria (< 0.8 g/day) at 12 months was the best
predictor of preserved long-term renal function (measured at 7 years, sensitivity 81% and
specificity 78%). Additional evaluation of sCr did not improve performance of the outcome
measure, and assessment of urinary sediment decreased the sensitivity. 7 Similarly, investigators
evaluated the data from the MAINTAIN Nephritis Trial (MNT), a European multicenter
randomized trial comparing azathioprine (AZA) and MMF as maintenance treatment for lupus
nephritis after induction with low-dose Euro-Lupus IV CYC. 8 The achievement of proteinuria
<0.7 g/day best predicted good renal outcome at 7 years after 12 months of treatment.
Addition of urinary RBCs to proteinuria decreased sensitivity from 71% to 41%. 9 Due to
concerns that proteinuria can be impacted by variables other than disease activity and because
sCr/eGFR are more direct measures of renal function, sCr/eGFR continue to be considered
important for the assessment of renal response endpoints. Thus, the definition of CRR that
includes stringent criteria for near-normalization of proteinuria and stabilization/improvement

3

Bono L, Cameron JS, and Hicks JA. Q J Med, 1999; 92:211-218.
Gourley MF, et al. Ann Intern Med. 1996;125:549-57.
5
Illei GG, et al. Ann Intern Med. 2001 Aug 21;135(4):248-57.
6
Dall’Era M, et al. Arthritis Rheum. 2015; 67: 1305-1313.
7
Dall’Era M, et al. Arthritis Rheum. 2015; 67: 1305-1313.
8
Tamirou F, et al. Lupus Sci Med. 2015; 2: e000123.
9
Tamirou F, et al. Lupus Sci Med. 2015; 2: e000123.
4
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in renal function is considered to be reasonably supported as an endpoint to reliably predict a
clinically meaningful benefit in lupus nephritis.
Based on the above contextual information, although there are practical limitations that have
impeded the ability to definitively validate endpoints to the desired clinical outcomes of
reduction in progression to ESRD and death, there is also an abundance of epidemiologic,
therapeutic, and pathophysiologic evidence that supports use of proteinuria and renal function
as relevant interim outcomes that can reliably predict the impact of treatment on important
long-term clinical outcomes. When taken in context of the prior knowledge of efficacy of other
CNI’s in the proposed indicated population (or subpopulations) based on published
literature 10,11,12,13 (most notably data suggesting efficacy of the structurally similar CNI
cyclosporin for membranous LN10), the well-characterized safety profile and extensive
postmarketing experience with other CNI’s, and the adequacy of the available safety data with
voclosporin to assess short and long-term safety concerns, we conclude that sufficient
information exists to make a benefit:risk decision based on this information.
Summary of evidence of effectiveness and safety:
In AURORA-1, analysis of the primary endpoint, CRR at Week 52, showed a statistically
significantly higher response rate in the voclosporin 23.7 mg BID group compared to the
placebo
mg/mg, also showed significant improvements with voclosporin treatment compared with
placebo thus lending additional support to the robustness of the results of CRR at Week 52.
In AURA-LV, analysis of the primary endpoint, CRR at Week 24, showed a statistically
significantly higher response rate in the voclosporin 23.7 mg BID group compared to the
placebo group. A major secondary endpoint, CRR at Week 48, also showed significant
improvement with voclosporin 23.7 mg BID treatment compared with placebo thus lending
additional support to the robustness of the results of CRR at Week 24. The response rate in the
voclosporin 39.5 mg BID group was similar to that in the voclosporin 23.7 mg BID group at each
timepoint (Week 24 and Week 48) suggesting that the 39.5 mg BID dose did not offer greater
benefit than the 23.7 mg BID dose.

10

Austin HA 3rd, Illei GG, Braun MJ, Balow JE. Randomized, controlled trial of prednisone, cyclophosphamide, and
cyclosporine in lupus membranous nephropathy. J Am Soc Nephrol. 2009; 20(4):901–911.
11
Moroni G, Doria A, Mosca M, Alberighi OD, Ferraccioli G, Todesco S, Manno C, Altieri P, Ferrara R, Greco S, et al.
A randomized pilot trial comparing cyclosporine and azathioprine for maintenance therapy in diffuse lupus
nephritis over four years. Clin J Am Soc Nephrol. 2006; 1(5):925–932. [PubMed: 17699309]
12
Ogawa H, Kameda H, Nagasawa H, Sekiguchi N, Takei H, Tsuzaka K, Amano K, Takeuchi T. Prospective study of
low-dose cyclosporine A in patients with refractory lupus nephritis. Mod Rheumatol. 2007; 17(2):92–97.
13
Chen W, Tang X, Liu Q, Fu P, Liu F, Liao Y, Yang Z, Zhang J, Chen J, Lou T, et al. Short-term outcomes of induction
therapy with tacrolimus versus cyclophosphamide for active lupus nephritis: A multicenter randomized clinical
trial. Am J Kidney Dis. 2011; 57(2):235–244. [PubMed: 21177013]
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The safety database for voclosporin includes data on approximately one year of controlled
exposure at the studied doses in a reasonable number of patients. The safety profile of
voclosporin appears to be similar to that of other CNI’s for which there is extensive
postmarketing experience. The CNI safety profile relevant to the target population of patients
with lupus nephritis, pertains to the known nephrotoxicity associated with CNI use. Two
calcineurin inhibitor-related adverse events, nephrotoxicity and hypertension, accounted for
the majority of the adverse events. Voclosporin-treated subjects experienced a greater number
of renal-related adverse events compared to placebo-treated subjects, 33% versus 18%,
respectively. The majority of these subjects experienced decreases in eGFR (26% versus 9%,
respectively) resulting in dose modification or discontinuation of study drug. Acknowledging
that there remains uncertainty regarding the quantification of nephrotoxicity, this risk is wellrecognized with CNIs and is adequately addressed via the Warnings in the prescribing
information.
Conclusion:
Based on the totality of data generated from AURORA-1 and AURA-LV and the safety profile of
voclosporin in LN for one year, the benefit/risk assessment is favorable for the 23.7 mg BID
voclosporin dosing regimen in combination with a background immunosuppressive therapy
regimen (MMF 2 grams/day and an IV bolus of corticosteroids of 500 mg/day for 2 days,
the treatment of patients with active LN. Monitoring of renal function will be recommended for
assessment and dose adjustments for acute nephrotoxicity and hypertension. In addition,
cautious use of the voclosporin beyond one year may be warranted in selected patients to
mitigate the concerns with chronic CNI-mediated renal toxicity. Prescription labeling, patient
labeling (Medication Guide) and routine pharmacovigilance are adequate to manage the risks
of voclosporin.
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L3.

Benefit-Risk Assessment

Voclosporin (LUPKINYS) 23.7 mg BID is being proposed for the treatment of adults with active lupus nephritis. Review of the submitted data demonstrates
that treatment with voclosporin, in conjunction with concomitant mycophenolate mofetil (MMF) and corticosteroids, is able to produce changes in patients'
lupus nephritis disease activity which have been shown to correlate with improvements in clinically meaningful long-term outcomes, e.g., lower risk of
progression to end-stage renal disease and death using the endpoint of complete renal response. After review of the data, DRTM recommends approval of
voclosporin 23.7 mg BID for the intended indication.
Systemic lupus erythematosus {SLE) is a chronic, multisystem autoimmune disease that predominantly affects women of child-bearing age. Approximately
50-60% of SLE patients will develop lupus nephritis within the first three years of diagnosis and represents a major risk factor for renal failure and death. A
kidney biopsy is recommended for patients with SLE who are suspected of having renal involvement including protein excretion >500 mg/day, active urinary
sediment and a rising serum creatinine. Patients with proliferative forms of lupus nephritis (i.e., Class Ill, IV, or Ill/IV+ V) are at the highest risk for
progression to end-stage renal disease and death. Respectively, achieving a complete clinical response to treatment is critical to preserving long-term kidney
function. Patients entering remission have an excellent prognosis, with a 10-year renal survival rate of >90%, compared with approximately <35% in patients
not attaining remission 14•15•16 • However, the management of lupus nephritis is challenging and is founded in the use of immunosuppressants. The toxicities
associated with the off-label treatments commonly used to treat this disease contribute to the long-term morbidity and mortality observed in patients with
lupus nephritis. While belimumab became the first and only therapy approved in the US for the treatment of lupus nephritis in December 2020, there
remains a significant unmet medical need for safe and efficacious treatments for lupus nephritis.
Analysis of the efficacy data demonstrated that treatment with voclosporin induces a clinically meaningful benefit to subjects with lupus nephritis who were
also treated with background MMF and corticosteroids. The majority of the data were derived from the phase 3 study, AURORA-1, which demonstrated a
greater proportion of subjects treated with voclosporin 23.7 mg BID achieved a complete renal response at Week 52 compared to placebo-treated subjects
{40.8% vs 22.5%), with a statistically significant odds ratio of 2.6 (95% Cl: 1.6, 4.3). The results from the analyses of the components of renal response
endpoints and the analyses of secondary endpoints, were supportive of those of the primary analysis. The results of AURORA-1 were further supported by
the similarly designed phase 2 study, AURA-LV, that demonstrated the proportion of subjects who obtained a complete response was 32.6% in the
voclosporin group as compared to 19.3% in the placebo group, with an odds ratio of 2.0 (95% Cl: 1.1, 4.1). The positive results from the composite primary
endpoint of both studies were primarily driven by the UPCR S0.5 mg/mg component; however, the overall strength of the results is still considered
meaningful given that subjects achieving the primary endpoint also, at a minimum completed the pre-specified corticosteroid taper and did not require use

14

Fraenkel Let al. J Rheumatol 194;21:2053-2057
Korbet SM et al. Am J Kidney Dis 2000;35:904-914
16 Chen Y E et al. OASN 2008;3:46-53
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of rescue medication. To be disqualified from a renal response, the subject had to fail both eGFR measures (i.e., eGFR <60 mL/min/1.73 m2 AND confirmed
>20% drop from baseline) and have an associated treatment-related or disease-related adverse event that impacted eGFR.
Analysis of the safety database demonstrated that subjects treated with voclosporin 23.7 mg BID experienced a greater frequency of adverse events, serious
adverse events, infections, including the anticipated calcineurin inhibitor-related adverse events of nephrotoxicity, hypertension, hypertrichosis, hirsutism,
gingival hypertrophy and tremor. Overall, the review of deaths in the voclosporin development program did not suggest an increased mortality signal.
Approximately 46% of voclosporin-treated subjects experienced an adverse event that necessitated a protocol-specified dosing modification compared to
25% of placebo-treated subjects. Two calcineurin inhibitor-related adverse events, nephrotoxicity and hypertension, accounted for the majority of the
adverse events. Voclosporin-treated subjects experienced a greater number of renal-related adverse events compared to placebo-treated subjects, 33%
versus 18%, respectively. The majority of these subjects experienced decreases in eGFR (26% versus 9%, respectively) resulting in dose modification of study
drug. The majority of eGFR decreases appeared to result from reversible renal pharmacodynamic effects associated with calcineurin inhibitors. Similarly, a
greater number of subjects treated with voclosporin compared to placebo reported an adverse event of hypertension, 19% versus 9%, respectively. Review
of the safety data suggest that voclosporin has a similar qualitatively safety profile to that of other calcineurin inhibitors which will be reflected in the
product labeling. Additionally, given the potential for adverse events with longer durations of treatment, the overall safety database is limited to some
extent by the small number of subjects treated with voclosporin for longer periods of time greater than one year. Given the potential for chronic calcineurin
inhibitor-related nephrotoxicity, relevant to this patient population with underlying renal disease, and the insufficient long-term controlled safety data
beyond one year, cautious the use of voclosporin beyond one year may be warranted until additional safety and efficacy information is available.
Based on the review of the data submitted by the Applicant, the potential benefits of voclosporin 23.7 mg BID for the treatment of adults with proliferative
lupus nephritis, outweigh the overall short-term risks, as currently known. The phase 3 study demonstrated statistically significant improvements in the
endpoint of complete renal response. While the safety analyses demonstrated increased frequencies of adverse events, the types of events were consistent
with known calcineurin inhibitors and no new safety signals were identified. In the post-approval setting, careful clinical monitoring of patients’ eGFR and
blood pressure will be required to properly modify dosing of voclosporin to achieve clinical benefit while limiting potential calcineurin inhibitor-related
toxicities. Respectively, in product labeling, monitoring of renal function will be recommended for assessment and dose adjustments for acute
nephrotoxicity and hypertension. In addition, cautious use of the voclosporin beyond one year may be warranted in selected patients to mitigate the
concerns with chronic CNI-mediated renal toxicity. Prescription labeling, patient labeling (Medication Guide) and routine pharmacovigilance are considered
adequate to manage the risks of voclosporin.
Voclosporin, in combination with a background immunosuppressive therapy regimen, will provide another much-needed treatment option for adult patients
with active lupus nephritis.
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Conclusions and Reasons

Dimension

Evidence and Uncertainties

Analysis of
Condition

Systemic lupus erythematosus (SLE) is a chronic, multisystem autoimmune disease that
predominately affects women of child-bearing age and often involves the kidneys.
Approximately 50-60% of SLE patients will develop lupus nephritis and is a major risk factor for
renal failure and death.
Patients with proliferative forms of lupus nephritis (i.e., Class III, IV, or III/IV + V) are at the highest
risk for requiring kidney replacement, therefore, achieving a complete clinical response to
treatment is critical to preserving long-term kidney health.

Lupus nephritis is a serious medical condition that
affects between 80,000 to 100,000 people in the
US. Patients with lupus nephritis are at increased
risk for developing renal failure and death.

Current
Treatment
Options

Currently, belimumab (Benlysta) is the only approved therapy for the treatment of adult patients
with active lupus nephritis in the US.
All of the other therapies currently used in the management of lupus nephritis are used off-label
Treatment for lupus nephritis is comprised of induction therapy followed by maintenance therapy
which is administered for the next 3 to 5 years while being monitored for recurring lupus nephritis
Choice of induction and maintenance therapy is based on the following factors: the type of lupus
nephritis and inflammatory activity/damage found on renal biopsy, ethnicity, the need to protect
fertility, pregnancy, and the presence of high levels of protein in the urine (proteinuria) or disease
that fails (refractory) to respond to treatment
Induction therapy regimens currently consist of high dose corticosteroids plus cyclophosphamide or
mycophenolate
Following an induction therapy response (disease remission), patients start maintenance therapy
with azathioprine or mycophenolate
Alternatively, calcineurin inhibitors (tacrolimus or cyclosporin) can be used alone or in combination
with mycophenolate as induction/maintenance therapy particularly in cases that are refractory to
treatment. It should be noted that therapeutic drug monitoring (TDM) is used to guide dosing with
cyclosporine or tacrolimus.
Rituximab is also commonly used as a treatment for refractory lupus nephritis alone or in
combination with mycophenolate or cyclophosphamide
Adjunctive therapy for patients with lupus nephritis: hydroxychloroquine, angiotensin
inhibitors/angiotensin II receptor blockers and statins (to treat hyperlipidemia).

Other than the recently approved Benlysta
(belimumab), there are no approved therapies for
lupus nephritis in the US and the current standard
of care is based on the 2012 American College of
Rheumatology treatment guidelines. The toxicities
associated with the off-label treatments commonly
used to treat this disease contribute to the long
term morbidity and mortality observed in patients
with lupus nephritis. Respectively, there is a
significant unmet medical need for safe and
efficacious treatments for lupus nephritis.
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Dimension

Benefit

Risk and Risk
Managemen
t

Evidence and Uncertainties

Conclusions and Reasons

Analysis of the efficacy data demonstrated that treatment with voclosporin induces a clinically
meaningful benefit to subjects with lupus nephritis who were also treated with background MMF
and corticosteroids.
Efficacy data was derived from the phase 3 study, AURORA-1, which demonstrated a greater
proportion of subjects treated with voclosporin 23.7 mg BID achieved a complete renal response at
Week 52 compared to placebo-treated subjects (40.8% vs 22.5%), with a statistically significant
odds ratio of 2.6 (95% CI: 1.6, 4.3). The positive results from the composite primary endpoint of
. The results from the
analyses of the subcomponents of both the renal response endpoints, and from analyses of
secondary endpoints, were generally supportive of those of the primary analysis.
The results of AURORA-1 were further supported by the similarly designed phase 2 study, AURA-LV,
that demonstrated the proportion of subjects who obtained a complete response was 32.6% in the
voclosporin group as compared to 19.3% in the placebo group, with an odds ratio of 2.0 (95% CI:
1.1, 4.1).

The Applicant has submitted substantial evidence
meeting the evidentiary standard for the clinical
effectiveness of voclosporin 23.7 mg BID for the
treatment of lupus nephritis based on the results
from the phase 3 study, AURORA-1 and support
from a well-conducted phase 2 study, AURA-LV.
The studies enrolled a population of subjects who
were generally representative of the targeted US
patient population and used mutually agreed
upon primary and secondary endpoints that were
designed to capture changes in patients’ disease
activity which have been shown to correlate with
improvements in clinically meaningful long-term
outcomes, e.g., lower risk of progression to endstage renal disease and death.

A total of 365 subjects with lupus nephritis were exposed to any dose or duration of voclosporin
and formed the primary source of evidence for the safety review. An additional 1,733 voclosporinexposed subjects with psoriasis, uveitis, and renal transplant were also included to provide
supportive data; however, as the underlying pathology and concomitant treatment of these
conditions differ significantly from lupus nephritis, the data was only reviewed to identify any
potential safety signals not observed in the lupus nephritis program.

The Applicant has submitted adequate data on
which to conclude the initial safety of voclosporin
23.7 mg BID in subjects with proliferative lupus
nephritis who were receiving background
immunosuppressive therapy with MMF and
corticosteroids. Review of the safety database
demonstrated that voclosporin-treated subjects,
compared to subjects treated with placebo,
experienced a greater frequency of adverse events,
serious adverse events, infections, including the
anticipated calcineurin inhibitor-related adverse
events of nephrotoxicity, hypertension,
hypertrichosis, hirsutism, gingival hypertrophy and

Of the 533 subjects included from studies AURA-LV and AURORA-1, 196/267 (73%) voclosporintreated subjects and 181/266 (68%) placebo-treated subjects completed the protocol-defined
course of study treatment of approximately one-year. Overall, the review of deaths in the
voclosporin development program did not suggest an increased mortality signal.
There was a greater percentage of voclosporin-treated subjects experiencing an adverse event or
serious adverse event compared to placebo-treated subjects. The exposure-adjusted incidence rate
(EAIR) of serious adverse events in the voclosporin and placebo groups was 32 and 26 events/100-
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Dimension

Evidence and Uncertainties
years of exposure, respectively.

Conclusions and Reasons
tremor.

Approximately 46% of voclosporin-treated subjects experienced an adverse event that necessitated
a dosing modification compared to 25% of placebo-treated subjects. Two calcineurin inhibitorrelated adverse events, nephrotoxicity and hypertension, accounted for the majority of the
responsible adverse events.
Infections and Infestations accounted for the majority of adverse events in both treatment arms,
which was not unexpected given the degree of immunosuppression. Voclosporin-treated subjects
also experienced more adverse events than placebo-treated subjects for the following System
Organ Classes: Investigations, Nervous System Disorders, Skin and Subcutaneous Tissue Disorders,
General Disorders and Administration Site Conditions, Blood and Lymphatic System Disorders,
Vascular Disorders, Respiratory, Thoracic and Mediastinal Disorders, Eye Disorders and Cardiac
Disorders.
Review of the safety database, including adjudicated renal events, demonstrated a clear
voclosporin-related increase in acute nephrotoxic adverse events. A total of 33% of voclosporintreated subjects versus 18% of placebo-treated subjects reported an adverse event as defined by
the Acute Renal Failure SMQ. The majority of these subjects had decreases in GFR (voclosporin
group: 26%; placebo group: 9%) that resulted in dose modification of study drug. Excluding GFR
decreased events, Acute Renal Failure SMQ adverse events were experienced in 32 voclosporin
subjects compared to 21 adverse events experienced by placebo subjects. Subjects in the placebo
group reported the adverse event of lupus nephritis more frequently than voclosporin subjects.
Treatment-related adjudicated cardiac adverse events were more common in the voclosporin
group compared to the placebo group (12% versus 5%, respectively). The most commonly reported
adjudicated cardiac event was hypertension, which is a well-recognized CNI-related toxicity that
was reported more frequently in voclosporin subjects (19%) compared to placebo subjects (9%).
There were six cases of hypertension in voclosporin-treated subjects that resulted in dose
modification compared to none in the placebo group.
Other recognized CNI-related adverse events of interest that occurred more frequently in
voclosporin-treated subjects compared to placebo-treated subjects included malignancy (2% versus
0%, respectively), hypertrichosis (2% vs. 0%, respectively), hirsutism (2% versus 0%, respectively),
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Overall, the safety profile of voclosporin was
consistent with other calcineurin inhibitors and
immunosuppressive therapies and no unique
safety signals were identified.
In the post-approval setting, monitoring of renal
function will be recommended for assessment and
dose adjustments for acute nephrotoxicity and
hypertension. In addition, cautious use of the
voclosporin beyond one year may be warranted in
selected patients to mitigate the concerns with
potential chronic CNI-mediated renal toxicity.
Prescription labeling, patient labeling (Medication
Guide) and routine pharmacovigilance are
adequate to manage the risks of voclosporin.
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Evidence and Uncertainties
gingival hypertrophy (2% versus 0%, respectively), and tremor (3% versus 1%). These adverse
events are clearly related to voclosporin’s CNI-related activity and inclusion in the product label is
recommended.
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Patient Experience Data
Patient Experience Data Relevant to this Application (check all that apply)
The patient experience data that were submitted as part of the
Section of review where
application include:
discussed, if applicable
Clinical outcome assessment (COA) data, such as
Patient reported outcome (PRO)
Observer reported outcome (ObsRO)
Clinician reported outcome (ClinRO)
Performance outcome (PerfO)
Qualitative studies (e.g., individual patient/caregiver
interviews, focus group interviews, expert interviews, Delphi
Panel, etc.)
Patient-focused drug development or other stakeholder
meeting summary reports
Observational survey studies designed to capture patient
experience data
Natural history studies
Patient preference studies (e.g., submitted studies or
scientific publications)
Other: (Please specify):
Patient experience data that were not submitted in the application, but were considered
in this review:
Input informed from participation in meetings with patient
stakeholders
Patient-focused drug development or other stakeholder
meeting summary reports
Observational survey studies designed to capture patient
experience data
Other: (Please specify):

X

Patient experience data was not submitted as part of this application.
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2 Therapeutic Context
Analysis of Condition
Systemic lupus erythematosus (SLE) is a chronic, multisystem autoimmune disease that
predominately affects women of child-bearing age. Approximately 50-60% of SLE patients will
develop lupus nephritis within the first three years of diagnosis and represents a major risk
factor for renal failure and death. The prevalence and severity of lupus nephritis is significantly
higher in Blacks and Hispanics compared to Whites, and is higher in men than in women. 17,18,19
The reasons for these racial and ethnic differences are not completely understood, but genetic
and socioeconomic factors likely play a role. Men with SLE tend to have more aggressive
disease with higher rates of renal and cardiovascular involvement and are more likely to
develop kidney failure compared to women.
Pathophysiologically, lupus nephritis is mediated by abnormalities in the innate and adaptive
arms of the immune system. Characteristically, the production of autoantibodies directed
against nuclear and cellular antigens lead to immune complex formation and accumulation of
immune complexes in glomeruli. Immune complexes may deposit in glomeruli from
the circulation or may form in situ if autoantibodies target intrinsic glomerular antigens or
antigens that are released during apoptosis and/or arise when apoptotic fragments are
incompletely cleared. Chromatin can also activate intrarenal dendritic cells, increase the
interaction of T and B cells, and enhance the production of anti-chromatin antibodies.
Intraglomerular immune complexes can activate complement and further engage leukocyte Fc
receptors to initiate intrarenal inflammation and injury. Complement-mediated kidney damage,
especially through the alternative pathway, is another well-recognized mediator of kidney
damage.
A renal biopsy is recommended for patients with SLE who are suspected of having renal
involvement including protein excretion >500 mg/day, active urinary sediment and a rising
serum creatinine. Determining the class of lupus nephritis is important because the clinical
presentation may not accurately reflect the severity of the histologic findings and therapy is
guided based on the histologic subtype of nephritis.
The lupus nephritis classification system was developed in 2004 by a group of renal
pathologists, nephrologists and rheumatologists (the Renal Pathology Society/International
Society of Nephrology; RPS/ISN classification) based on clinicopathologic correlations 20. There
are six recognized classes of lupus nephritis described as follows:

17

Kasitanon N et al. Medicine (Baltimore).2006;85(3):147-156
Ward MM et al. Arch Intern Med. 1996;156(12):1337-1344
19
Alarcon GS et al. Lupus. 2002;11(2):95-101.
20
Weening JJ et al. Kidney Int. 2004;65(2):521
18
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Class I: minimal mesangial lupus nephritis
Class II: mesangial proliferative lupus nephritis
Class III: focal lupus nephritis
Class IV: diffuse lupus nephritis
Class V: lupus membranous nephritis
Class VI: advanced sclerosing lupus nephritis
Patients with lupus nephritis have significantly higher mortality rates compared to patients
without lupus nephritis. Death directly attributable to renal disease occurs in 5-25% of patients
with proliferative lupus nephritis within five years of onset. Furthermore, 10% to 30% of
patients with lupus nephritis progress to renal failure requiring kidney replacement. Patients
with proliferative forms of lupus nephritis (i.e., Class III, IV, or III/IV + V) are at the highest risk
for requiring kidney replacement, therefore, achieving a complete clinical response to
treatment is critical to preserving long-term kidney health. Patients who achieve a complete
clinical response have >90% kidney survival at 10-years compared to patients not responding to
therapy.
As discussed below, immunosuppressive therapy is indicated for patients with active Class III
and Class IV lupus nephritis as well as Class V lupus membranous nephropathy.
Immunosuppressive therapy is typically not indicated in patients with Class I and Class II
mesangial lupus nephritis.

Analysis of Current Treatment Options
Table 1 lists the treatments currently used for the treatment of lupus nephritis.
Table 1. Summary of Treatment Armamentarium Relevant to the Proposed Indication
Product Name

Relevant
Year of
Indication Approval

Dosing/
Administration

Efficacy
Important Safety
Information and Tolerability
Issues

Other Comments

Approve Treatments
Belimumab

adult
patients
with
active
lupus
nephritis
who are
receiving
standard
therapy

2020

-Intravenous
dosing: 10
mg/kg at 2 week
intervals for the
first 3 doses and
at 4 week
intervals
thereafter.
Reconstitute,
dilute, and
administer as an
intravenous
infusion over a
period of 1 hour

31

See FDAApproved
Benlysta
Labeling

See FDA-Approved
Benlysta Labeling

See FDAApproved
Benlysta Labeling
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-Subcutaneous
dosing: 400-mg
dose (two 200mg injections)
once weekly for
4 doses, then
200 mg once
weekly
thereafter

Off-label Treatments
Corticosteroids

------------

------------

Pulse doses of
up to 1000
mg/day x 3 days;
use lowest dose
to maintain
adequate antiinflammatory
response

Clinical
studies

Cyclophosphamide

------------

------------

IV bolus
regimens of 0.51g/m body
surface area for
once monthly
for 6 months

Published
literature

Mycophenolate
mofetil

------------

------------

500-1500 mg
BID

Published
literature

Rituximab

-----------

-----------

1000 mg IV
infusions x 2
administered 2
weeks apart; readminister
when disease
worsens

Two failed
phase 3
studies

Tacrolimus

------------

------------

0.1 mg/kg/day
to a trough of 46ng/ml

Published
literature
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risk for
infections, glucose
intolerance,
osteoporosis,
glaucoma,
cataracts, HTN,
osteonecrosis, and
growth

Myelosuppression,
hemorrhagic
cystitis,
malignancy,
lymphoproliferative
disorders,
infertility and
infections
Myelosuppression,
GI complaints,
myalgia, serious
infections
including
reactivation of
viruses
Fatal infusion
reactions, severe
mucocutaneous
reactions,
Hepatitis
B reactivation,
serious infections
including PML
Fatal infections,
malignancies,
nephrotoxicity,
neurotoxicity,
hypertension,
hyperkalemia,

Low dose:
mucocutaneous and
musculoskeletal
manifestations;
serositis
High Dose:
induction
therapy for
lupus nephritis,
CNS disease, and
immune
cytopenias
Induction therapy
for
lupus nephritis
especially
refractory disease

Induction and
maintenance
therapy for lupus
nephritis

Treatment of
refractory
lupus nephritis
and immune
cytopenias

Induction and
maintenance
therapy
especially for
refractory lupus
nephritis
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Cyclosporine

------------

------------

2.5-4 mg/kg/day

Published
literature

red cell aplasia,
QT prolongation
Hepatoxicity,
nephrotoxicity,
thrombotic
microangiopathy,
malignancies,
serious
infections,
neurotoxicity,
hyperkalemia,
hypertension

Induction and
maintenance
therapy
especially for
refractory lupus
nephritis

Patients are managed with standard of care (SOC) induction and maintenance therapy regimens
based on published treatment guidelines by the American College of Rheumatology (ACR) 21 and
European League Against Rheumatism and European Renal Association-European Dialysis and
Transplant Association (EULAR/ERA-EDTA). 22 The choice of induction and maintenance therapy
is based on a number of factors including histopathological class (including both chronicity and
activity scores) on renal biopsy, ethnicity, preservation of fertility, pregnancy and the presence
of nephrotic proteinuria or refractory disease. Current induction regimens are comprised of
high dose corticosteroid pulses plus cyclophosphamide (CYC) or mycophenolate mofetil (MMF).
Patients who achieve clinical remission of their lupus nephritis following induction therapy
undergo concomitant tapering to low-dose daily corticosteroids while initiating maintenance
therapy with azathioprine (AZA) or MMF which they receive for the next 3 to 5 years while
being monitored for recurring lupus nephritis flares. Patients who fail to respond to the
aforementioned induction therapies can be switched to other induction regimens.
Alternatively, calcineurin inhibitors (tacrolimus or cyclosporin) can be used as monotherapy or
in combination with MMF as induction/maintenance therapy particularly in refractory cases. 23
Rituximab is also commonly used as a treatment for refractory lupus nephritis as monotherapy
or as add-on therapy to MMF or CYC. 24
In addition to the treatment of co-morbid conditions such as hypertension and hyperlipidemia,
the administration of hydroxychloroquine (to prevent renal flares) and angiotensin
inhibitors/angiotensin II receptor blockers (to decrease proteinuria) are also recommended as
part of the overall management of patients with lupus nephritis.
Based on the 2019 updated EULAR/ERA-EDTA recommendations for the management of lupus
nephritis, the treatment goal for patients with this disease is complete renal response defined
as proteinuria <0.5 -0.7 g/24 hours with near-normal glomerular filtration rate achieved by 12

21

Hahn BH et al. Arthritis Care Res 2012;63(6):797-808.
Fanouriakis A, et al. Ann Rheum Dis 2020; 79:713-723.
23
Fanouriakis A, et al. Ann Rheum Dis 2020;79:713-732.
24
Hahn BH, et al. Arthritis Car Res 2021;63(6):797-808.
22
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months of treatment. 25 This includes evidence of improvement in proteinuria at 3 months but
this timeframe may be extended by 6-12 months for patients with nephrotic range
proteinuria. 26
However, administration of these treatments is not always uniformly effective and is associated
with significant side effects resulting in accrual of long-term organ damage (chronic kidney
disease that progresses to end stage renal disease) and toxicity. The first and only product
approved in the US in December 2020 for the treatment of adults with active lupus nephritis is
belimumab. Given the recent approval, its role in the management of lupus nephritis is yet to
be determined. Thus, there is a significant unmet medical need for safe and efficacious
treatments for patients with active lupus nephritis.

3 Regulatory Background
U.S. Regulatory Actions and Marketing History
Voclosporin is a new molecular entity that is not currently marketed in the US or any other
country. The current application is the initial NDA for voclosporin and has been submitted to
the Division of Rheumatology and Transplant Medicine for the proposed indication for the
treatment of patients with lupus nephritis.

Summary of Presubmission/Submission Regulatory Activity
Voclosporin was studied under IND 114577 which was first opened in September 2012. An Endof-Phase 2 meeting was held with the Applicant in December 2016 and agreement was reached
regarding dose and dosing regimen of voclosporin, extent and duration of safety exposure and
selection of active comparators, namely mycophenolate mofetil (MMF) and corticosteroids, and
the components of the composite primary endpoint. Other key regulatory activity included
meetings in December 2016 and September 2017 regarding discussions of the phase 3 study
design. The Applicant’s Pre-NDA meeting was held in March 2020 regarding the analyses of the
AURORA-1 and AURA-LV studies, clinical meaningfulness and scientific justification of the
primary endpoint, adequacy of the safety database, and to allow for a rolling review of the
application.

25
26

Fanouriakis A, et al. Ann Rheum Dis 2020; 79:713-723.
Fanouriakis A, et al. Ann Rheum Dis 2020; 79:713-723.
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4 Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety
Office of Scientific Investigations (OSI)
The Division of Clinical Compliance Evaluation (DCCE) from the Office of Scientific Investigations
(OSI) was consulted to conduct clinical site inspections of the following sites/investigators:
Site 355 (Protocol AUR-VCS-2012-01); Chattanooga, TN (Dr. James Tumlin)
Site 10348 (Protocol AUR-VCS-2016-01); Lawrenceville, GA (Dr. James Tumlin)
Site 354 (Protocol AUR-VCS-2012-01); Brooklyn, NY (Dr. Ellen Ginzler)
Site 10135 (Protocol AUR-VCS-2016-01); Brooklyn, NY (Dr. Ellen Ginzler)
The clinical sites were selected using a risk-based approach that also considers numbers of
enrolled subjects in both studies and treatment effect.
Upon completion of study site inspections, OSI Investigations concluded that the data
generated by these clinical investigators’ sites submitted by the Applicant appear acceptable
and in support of this NDA. For complete details, refer to the review by the OSI Medical Officer,
Tina Chang, MD, dated November 16, 2020.

Product Quality
Voclosporin 7.9 mg capsules, for oral administration (the proposed commercial drug product)
are oval and pink/orange in color capsules for immediate release that are formulated in
nonaqueous solution filled into soft gelatin capsules. Inactive ingredients in the capsule fill are
alcohol, vitamin E polyethylene glycol succinate (TPGS), polysorbate 40, and medium-chain
triglycerides. All excipients are of compendial grade or are mixtures of excipients of compendial
(b) (4)
grade.
The DS is poorly soluble (Biopharmaceutics Classification
System (BCS) II and IV). Dissolution data demonstrated complete
release of the drug at 45
(b)
minutes and dissolution acceptance criterion is set as Q= (4)% in 45 minutes. The container
closure system (CCS) consists of aluminum foil/foil blisters. An expiry of 36 months is proposed
and supported by submitted data. All of the manufacturing, control testing, and packing
facilities are acceptable. The Office of Pharmaceutical Quality recommends approval from their
perspective, with minor labeling recommendations, based on the Integrated Quality
Assessment finalized on October 21, 2020.

Clinical Microbiology
Not applicable.
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Devices and Companion Diagnostic Issues
Not applicable.
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5 Nonclinical Pharmacology/Toxicology
5.1

Executive Summary

The Applicant provided a complete nonclinical program in the NDA.

(b) (4)

Since then, a juvenile animal study and additional
characterization of impurities and starting materials with in silico toxicological assessments
were conducted and submitted with this application. The nonclinical program is comprehensive
and adequate. There are no outstanding nonclinical issues. Approval of the application is
recommended from the nonclinical perspective.
Voclosporin is structurally similar to cyclosporine A, except for a novel modification to the
amino acid 1 residue of the molecule (addition of single carbon). This enhanced
pharmacodynamics and reduced metabolism of amino acid-1 compared to cyclosporine A CSA.
(b) (4)
Voclosporin (90 to 95% trans-isomer) is the active ingredient in LUPKYNIS.
(the drug substance was
identified in study reports as mix-ISA247 or ISA TX247). Most of the toxicology program was
conducted with mix-ISA247. Later a decision was made to proceed with the development of
voclosporin as the trans-enhanced drug substance (90-95% trans, identified as ISA247, trans(b)
ISA247, or (4)247in study reports which became the to-be-marketed drug substance. A number
of bridging studies comparing mix-ISA247 and the trans-enhanced formulation consisting of 4or 13-week general toxicity studies in rats, PK/ADME studies, and a cardiovascular study in
monkeys enabled application of earlier mix-ISA247 toxicity studies to be used in support of the
safety of the trans-enhanced drug substance that became voclosporin. The trans-enhanced
drug substance was also evaluated for carcinogenicity and embryofetal development (using the
rabbit).
Pharmacology: In primary pharmacodynamics studies, voclosporin inhibited lymphocyte
proliferation in vitro with an IC50 of 15.8 ng/ml ± 10.2 (mean ± SD; n=9). The five primary human
metabolites (IM9, IM4, IM4n, IM1c(R), IM1-Diol-1) were significantly less potent than
voclosporin. Since cyclosporine potently inhibited calcineurin, voclosporin was tested with
cynomolgus monkey cells in vitro and in vivo and found to have slightly greater calcineurin
potency than cyclosporine, with the trans-enriched mixture resulting in greater inhibition of
calcineurin activity than the cis-enriched mixture, or the approximate 50:50 mixture (ISA TX247).
The pharmaceutical class designations of calcineurin inhibitor reflects its mechanism of action
studied in various cell types under numerous conditions and is the most appropriate class
designation. It is noted that cyclosporine A is given the more general class designation of
immunosuppressant. Cyclosporine-calcineurin interaction was unknown at the time of approval
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in 1983, and cyclosporine is often referred to as a calcineurin inhibitor in the current medical
literature.
Safety Pharmacology: Cardiovascular studies in conscious cynomolgus monkeys found a that
voclosporin, mix-ISA247 or cis-enhance ISA247 at a high dose of 200 mg/kg increased the QTc
interval. There was also a signal for QTc prolongation from the hERG assay and Purkinje fiber
electrophysiology assay. A clinical thorough QT assessment found no increase in QTc, and the
cardiovascular toxicity risk was considered low (refer to clinical safety sections 8.2.4.5.5 and
8.2.4.5.6). There were no significant findings in CNS, respiratory, or renal safety pharmaceutical
evaluations.
ADME/PK/TK: Voclosporin has low oral bioavailability (~8%) and is rapidly absorbed as T max
ranged from 2-4 hrs, and has a relatively short half-life (ranged from 4.8-8.7 hrs in rats, 5.4-13
hrs in monkeys). PK studies in rats, rabbits, and monkeys (using isomer specific assay methods)
showed that following oral administration of mix-ISA247, the blood concentrations of the transisomer (voclosporin) were ~2x those of the cis-isomer, suggesting that the trans-isomer is more
bioavailable than the cis-isomer. In vitro studies, in human whole blood, did not show
significant isomer interconversion between the cis and trans isomers. Similarly, there was no
evidence of significant interconversion (<2%) in blood from healthy human volunteers treated
with voclosporin for 12 days or from rats treated for 13 weeks.
Voclosporin and mix-ISA247 were extensively metabolized by hydroxylation and oxidative Ndemethylation reactions in all species studied, including humans. The metabolism of
voclosporin involves cytochrome P450 oxidation of amino acids, other than amino acid 1, to
yield the quantifiable metabolites, IM9, IM4, and IM4n, and also oxidation of amino acid 1 to
generate the quantifiable metabolites, IM1-Diol-1, IM1c (R), and IM1w. Systemic exposure to
voclosporin was uniformly greater than exposure to its measured metabolites. All major
circulating metabolites detected in human were also present in one or more of the toxicology
species, with the profile observed in the cynomolgus monkey most similar to humans. Both IM9
and IM1-Diol-1 were observed in every species, with IM9 being the most abundant metabolite.
General Toxicity: The rat and monkey were determined to be the most appropriate toxicological
species, given the emetic effect observed in dogs. The toxicological profile of voclosporin (and
mix-ISA247) was similar to that of cyclosporine A. This was demonstrated in some of the studies
that used cyclosporine A as a comparator including the pivotal 26-week study in rats and 39week study in monkeys. In the absence of appropriate safety margins, early clinical studies
were allowed to proceed partly due to the similarity of nonclinical findings for mix-ISA247 and
cyclosporine A that has been in clinical use since 1983. In general, the adverse findings with the
different proportions of cis:trans isomers of voclosporin were due to drug-related
immunosuppression (e.g., thymic medullary atrophy, absence of germinal centers, lymphomas,
decreased lymphocyte counts) and consistent with the known class-specific adverse effects of
calcineurin inhibitors (e.g., renal toxicity, neurotoxicity, gingival hyperplasia, liver toxicity).
While multiple studies were conducted, the 2 pivotal toxicity studies were the 26-week rat and
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39-week cynomolgus monkey studies; and these studies are described below in more depth. A
table of major toxicities and exposure margins is located at the end of the Executive Summary.
The studies did not show marked differences in the severity and incidence of findings between
voclosporin (or mix-ISA247) and cyclosporine A. However, the systemic exposure of
cyclosporine was at least 2-times greater compared to voclosporin (or mix-ISA247) at similar
doses. Coupled with enhanced pharmacodynamic potency, the lower voclosporin exposures
would be expected to reduce the occurrence of potential clinical toxicities. However, at least
for the nonclinical studies, this does not seem to be the case, the slightly lower exposures of
voclosporin may be offset by its slightly greater potency, resulting in similar toxicity profiles.
Additional targets identified included the bone marrow (medullary hyperostosis and myeloid
hypercellularity), lungs (inflammation/macrophages), prostate (atrophy; decreased weights),
and teeth (dental dysplasia) in rats; the heart (basophilic mineralization) and ovaries (decreased
number of corpora lutea) in mice; and the testes (decreased spermatogenesis) in rabbits. The
clinical relevance of these findings was not clear as they were not observed consistently using
similar dosing regimens (rats).
Genetic Toxicity: Mix-ISA247 (approximately 50: 50 cis-trans mixture) was negative for genetic
toxicity in the in vitro bacteria reverse mutation assay (Ames) test, a chromosomal aberration
test with CHO cells, and an in vivo micronucleus assay in rats after single oral doses up to 2000
mg/kg. Voclosporin was negative for mutagenic potential in the in vitro bacteria reverse
mutation assay (Ames) test.
Carcinogenicity: Two-year studies were conducted in rats and mice. In the rat study, there were
no voclosporin-related neoplasms in either males or females. In the mouse study, females had a
significant increase in voclosporin-related malignant lymphomas at the high dose of 30
mg/kg/day, and trend for an increase in malignant lymphomas was observed in males.
Malignant lymphoma was considered drug related in mice. In the 39-week toxicity study in
cynomolgus monkeys, malignant lymphomas occurred and resulted in the death of a high dose
(150 mg/kg/day) animal.
Reproductive and Developmental Toxicology: Mix-ISA247 did not interfere with reproductive
ability or early embryonic development in rats (NOAEL > 25 mg/kg/day). Mix-ISA247 caused a
decrease in litter size and numbers of viable pups and an increase in resorptions (both early and
late) at 25 mg/kg/day in the embryofetal development study in rats. Delayed ossification of
metatarsals and decreased fetal weights were marginally observed in pups at 25 mg/kg/day.
The developmental NOAEL was 10 mg/kg/day. Similar findings (e.g., resorptions and reduced
numbers of viable offspring) were observed in rabbits at a dose of 20 mg/kg/day with
decreased fetal weights at 10 mg/kg/day and delated ossifications at 20 mg/kg/day. The
developmental NOAEL was 2 mg/kg/day. Voclosporin was also tested for embryofetal toxicity in
rabbits, with the NOAEL being 1 mg/kg/day. This compound behaved similarly to mix-ISA247,
causing a small increase in the numbers of resorptions (numbers of viable offspring were
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unaffected) at 20 mg/kg/day and, decreased fetal body weights and delayed bone ossification
at 5 and 20 mg/kg/day. There were no test article related malformations or variations seen in
fetuses from the developmental toxicity studies with rats or rabbits.
In a prenatal and postnatal development study with mix-ISA247 in rats, dystocia (observed as
prolonged parturition) was observed at 25 mg/kg/day. Mean number of total pups delivered,
surviving pups per litter, and the number of liveborn pups were significantly reduced at 25
mg/kg/day due to delayed parturition. There were no effects on behavioral, reproductive, and
developmental assessments of the F1 generation. There were no effects detected in F2 fetuses.
A placental and milk transfer study with 14C-voclosporin in rats indicated transfer of
radioactivity to the pups across the placental barrier and milk, based upon radioactivity
detected in fetal tissues and in milk in the pup’s stomach and carcass.
Most findings of the toxicological studies appear to be related to calcineurin inhibition.
Summary of Exposure and Safety Margins from Nonclinical Toxicity Studies
Species /
Study

Main Toxicities

Dose
Observed
(mg/kg/day)

NOAEL
(mg/kg)

1.25

<1.25

<F: 141
<M: 570

<0.2
<0.6

10

2.5

F: 474
M: 1799

Liver vacuolization

10

2.5

Brain, inflammation, gliosis, nerve
fiber degeneration

10

2.5

Cataracts

2.5

1.25

Lung inflammation

10

2.5

Mandibular lymph node
hyperplasia

10

2.5

F:0.5
M: 2.0
F:0.5
M: 2.0
F:0.5
M: 2.0
F: <0.2
M: <0.6
F:0.5
M: 2.0
F: 0.5
M: 2.0

Rat
26-week study Renal tubular degeneration,
(ISA01-18)
mineralization, tubular dilatation,
Doses:
lymphocytic infiltration
0 (vehicle), 1.25,
Thymus atrophy
2.5, 10
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AUC0-24hr Exposure/
(ng-hr/mL) Safety
Margin

F: 474
M: 1799
F: 474
M: 1799
F: 141
M: 570
F: 474
M: 1799
F: 474
M: 1799
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Species /
Study

Main Toxicities

13-week
Kidney (tubular basophilia,
bridging study degeneration/regeneration, and
(ISA03-03)
dilatation; corticomedullary
Doses: 0, 2,5, 10, mineralization;
25
clinical chemistry;
urinalysis
Analysis for
Nervous System (gliosis,
trans-ISA247
infiltration, nerve degeneration)
Thymus (medullary atrophy)
Lymph nodes (absence of
germinal centers)
Eyes (cataracts)
Liver (clinical chem.)
Hematology (RBC parameters,
WBC)
Mortalities
Monkey

Dose
Observed
(mg/kg/day)

NOAEL
(mg/kg)

10

2.5

716

0.8

2.5

<2.5

<716

<0.8

2.5

<2.5

<716

<0.8

10

2.5

716

0.8

10
10

2.5
2.5

716
716

0.8
0.8

10

2.5

716

0.8

10

2.5

716

0.8

75

25

782

0.9

150

75

3274

3.8

150

75

3274

3.8

<25

<943

<1.1

<25

<943

<1.1

<25

<943

<1.1

<25

<943

<1.1

F:30
M:30

10
10

612
406

0.7
0.5

-

2.5
1.25

384
395

0.4
0.4

39-Week study Gingival hyperplasia
(ISA02-01)
Spleen (lymphoid hyperplasia)
Doses: Saline,
vehicle, 25, 75
and 150
mg/kg/day

Lymphosarcoma
Mortalities

13-Week study Lymph nodes (absence of
(ISA-01- 05)
germinal centers)

Doses: 0 (saline),
Spleen (absence of germinal
0 (vehicle), 25,
centers)
75 or 150/300

mg/kg/day
Thymus atrophy
Carcinogenicity
2-yr mouse
study
Lymphomas
((b) (4) -516008)

2-yr rat study
((b) (4) -516003)

No mixISA247 related neoplasms
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Species /
Study

Main Toxicities

Reproduction and Development
Rat Fertility

Dose
Observed
(mg/kg/day)

(ISA02-02)
Doses: 0 (saline),
0 (vehicle), 2.5, No adverse findings for males or
females
10, and 25
mg/kg/day

Increased number of resorptions,
percent dead or resorbed
(ISA01-12)
conceptions per litter and the
Doses: 0, 2.5, 10, total number of early and late
or 25 mg/kg/day resorptions and decreases in the
number of live fetuses
reduced fetal and placental
weight

NOAEL
(mg/kg)

AUC0-24hr Exposure/
(ng-hr/mL) Safety
Margin

-

F: 25
M: 25

7669
13623

9
16

25

10

6240

7.2

2

-

10

Not
detectable
280

0.3

5

1

8.1

-

25
25
-

10
10
>25

2392
2392
14504

2.7
2.7
>16

Rat
Embryofetal

Rabbit
Embryofetal
(ISA01-13)

Doses: 0, 2, 10
and 20
mg/kg/day of
mix-ISA247

Rabbit
Embryofetal
(ISA04-05)

Decrease in the number of
implantations and a reduction in the
number of live fetuses and reduced
fetal weights
Increase in both early and late
resorptions
Delayed ossifications

20

Increased numbers of
resorptions (numbers of viable
offspring were unaffected)

20

Doses: 0
(vehicle), 0
(saline), 1, 5, and Decreases in fetal body weight
20 mg/kg/day of and delayed ossifications
voclosporin

Pre-postnatal
development Dystocia (delayed parturition),
(ISA02-03)
Reduction in litter size, number of
Doses: 0, 2.5, 10, live pups and total pups delivered
and 20
F1 generation postnatal growth
mg/kg/day
and development
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Species /
Study
Juvenile Animal
Toxicity
(HVV00003)
Doses:

Main Toxicities
Kidney fibrosis and
Mineralization
Tubular dilation
Mesenteric Lymph node
lymphocyte depletion
Sciatic nerve lymphocytic
infiltration
Thymus congestion and
vacuolation

Dose
Observed
(mg/kg/day)
M: 1.25
F: : 10
M: 5
M:5

NOAEL
(mg/kg)

F: 10

5

795

0.9

F: 5

2.5

378

0.4

<1.25
5
2.5
2.5

AUC0-24hr Exposure/
(ng-hr/mL) Safety
Margin
0.4
<306
0.9
795
0.9
812
0.9
812

*AUC in human: From study AUR-VCS-2018-01, Voclosporin administered as 23.7 mg BID to
healthy subjects and subjects and lupus nephritis. This dose is approximately 0.4 mg/kg BID. PK
was determined on day 7, the mean Cmax was 120 ± 38.8 ng/mL and mean AUC 0-12 was 433 ±
186 ng-h/mL. A 24-hour AUC was estimated as 2-times this value or 866 ng-h/mL.

5.2

Referenced NDAs, BLAs, DMFs

DMF 033779 Type II, for voclosporin, Lonza AG
IND 114577 voclosporin for the treatment of lupus nephritis, Pharmacology-Toxicology reviews
of September 26, 2012, October 29, 2019, November 6 2019, and January 29, 2020.
(b) (4)

NDA 213716, ECAC Meeting, Carcinogenicity Summary, September 15, 2020
(b) (4)
Pharmacology Toxicology review
by María I. Rivera, Ph.D. and Theresa Allio, Ph.D., July 21, 2010
(b) (4)
statistical review of carcinogenicity studies with voclosporin, by Atiar M.A. Rahman
and Karl K. Lin, October 20, 2010

5.3

Pharmacology

Voclosporin is structurally very similar to Cyclosporine A, an 11-amino acid circular peptide,
differing by only a carbon added to amino acid 1. Voclosporin consists of two geometric
isomers: the trans (E)-isomer and the cis (Z)-isomer. The to-be-marketed voclosporin is
(b) (4)
(b) (4)
enriched with the trans-isomer). The trans-isomer has a 35-fold increased potency for inhibition of calcineurin activity compared to the approximate
(b) (4)
%) cis:trans racemic mixture.
Study ISA00-05 demonstrated ISA TX247 (1-1000 ng/mL) inhibited calcineurin phosphatase
activity with similar or up to 3-times the inhibition observed with cyclosporine A. Another study
(ISA08-40) of the activity of voclosporin metabolites demonstrated voclosporin had the greatest
potency for inhibiting lymphocyte proliferation, with the 5 primary human metabolites [IM9,
IM4, IM4n, IM1c(R), IM1-Diol-1] substantially less potent (IM9 was most potent but only 12.9%
(b)
(b)
of voclosporin activity). An early formulation of the trans-enriched voclosporin (4)% cis (4)%
(b)
(b)
trans) mixture compared to a cis-enriched (4)% cis/ (4)% trans) mixture had slightly greater
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inhibition of calcineurin activity [lC50
respectively] (Study ISA02-06). Both mixtures were found to be slightly more potent inhibitors
In study ISA01-08, T cells from cynomolgus monkeys were treated both in vitro and in vivo, with
ISATX247. In vitro, mix-ISA247 at lower concentrations was more immunosuppressive than
cyclosporine A.
Comparison of EC50 of ISA247 (Voclosporin) and Cyclosporine (values are mean ± SEM)

In vivo, oral mix-ISA247 (25 and 50 mg/kg/day BID, PO) was observed to be more
immunosuppressive at lower whole blood concentrations than cyclosporine A, (25 mg/kg/day
BID) after dosing for 7 days. The concentrations at 3 hr postdose on Day 7 were 877 ± 202
ng/mL, 303 ± 94 ng/mL, and 375±62 ng/mL for 25 mg/kg cyclosporine A, 25 mg/kg mix-ISA247,
and 50 mg/kg mix-ISA247, respectively. These results suggest that mix-ISA247 might be a more
potent immunosuppressant than cyclosporine A,.
Evidence for a non-immunological effect of calcineurin inhibitors on certain kidney pathologies
associated with proteinuria and podocyte dysfunction was reviewed by Schönenberger et. al.,
2011 27. Cyclosporine A was found to stabilize actin cytoskeleton and stress fibers through
dephosphorylation of synaptopodin, a actin-organizing protein in podocytes.
Safety Pharmacology
In cynomolgus monkeys administered an oral dose of 200 mg/kg, QT and QTc intervals were
prolonged with mix-ISA247, cis-isomer, and trans-isomer (voclosporin), suggesting a potential
clinical risk. Exposure to voclosporin at a dose level of 200 mg/kg in monkeys was ~8x and 5x
higher than the estimated human AUC (444 ng-hr/mL) and Cmax (120 ng/mL), respectively, at
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0.4 mg/kg BID. However, no drug-related electrocardiogram (ECG)
abnormalities were observed in dog studies (14-day dog, 13-week dog toxicity studies) or other
monkey studies (13-week monkey, and 39-week monkey toxicity studies).
(b) (4)

The hERG assay showed IC50 values of 23, 72, and 43 µM for mix-ISA247, cis-ISA247, and
voclosporin, respectively. In a rabbit Purkinje fiber assay, voclosporin had no effect on APD90
and was not associated with the induction of early-after-depolarizations (EADs), although a
modest slowing of Vmax (25%) was observed at 3.3-6.1 µM. These concentrations in these
studies were much greater than expected human exposure.
A slight decrease in respiratory rate was observed in rats at 2.5 mg/kg/day (Cmax = 82.5
ng/mL), without an increase in tidal volume. Although this was within the clinical therapeutic
range, it appeared to be transient and respiratory adverse effects were not observed in
monitoring of early clinical studies.
Summary of Safety Pharmacology Studies
Cardiovascular
Assay (Study No.)
hERG - IKr+ current assay
(Studies No. 7l5C02,
049C03, and 070C03)

Method/Species
Recombinant hERG
Channels Expressed in
CHO Cells

Action Potential
Conduction Study (Study
ISA03-15)

Isolated Rabbit Purkinje
Fibers,
ISA-247 (0.01–

ECG Study
(Study ISA02-07)

Conscious
cynomolgus monkey
(females) monitored by
telemetry
mix-ISA247 at oral (nasogastric intubation) doses
of 0, 20, 60, and 200
mg/kg

ECG Study, comparison of
cis-trans mixture

Conscious
cynomolgus monkey
(males and females)
monitored by telemetry

Findings
Compound
mix-ISA247
cis-ISA247
voclosporin
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IC50

No effect on APD90
No effect induction of early-after-depolarizations
Potential for conduction abnormalities (QRS
prolongation)
Concentrations studied were significantly higher
than estimated Cmax at the intended therapeutic
dose
Lengthening of QT and QTc intervals (not more
than 33 ms) between 2-6 hrs following the first
200 mg/kg administration
Slight decrease in body temperature (0.3-0.6°C) 26 hrs postdose
QT prolongation confirmed when this dose was
given 6 weeks after the first dose. Average
prolongation of QTc was 43 ms (Bazett’s
correction) and 34 ms (Fridericia’s correction).
Increase in arterial blood pressure (~10 mm Hg)
200 mg
Cmax 605 ng/mL, AUC0-24 6701 ng-hr/mL
QT and QTc were prolonged with all test articles
beginning at ~1 hrs postdose with a peak effect
at 6 hrs postdose
effects on QTc were slightly more marked with
trans-ISA247 increase in QTc (Bazett’s correction
+46 msec; Fridericia’s correction +40 msec);
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200 mg/kg of mixISA247, cis-isomer, or
trans-isomer (VCS),
Neurobehavioral
Neuropharmacological
(Study ISA05-28)

Pulmonary
(Study ISA05-29)

Renal
(Study ISA07-11)

5.4

Male Sprague Dawley
rats
ISA247 doses: 0
(vehicle), 2.5, 10, and 25
mg/kg

Body temperature reduced 0.5°C at 2 hr postdose
of 25 mg/kg,
No other neurobehavioral findings

Male Sprague Dawley
rats
ISA247 doses: 0
(vehicle), 2.5, 10, and 25
mg/kg

25 mg/kg produced a 16% decrease in mean
respiration rate at 120 min postdose,

Male Sprague Dawley
rats
ISA247 doses: 0
(vehicle), 2.5, 10, and 25
mg/kg

Urine was collected over a 4-hr period postdose
dose dependent, but nonsignificant decrease in
urine volume output
No effects on pH, urinary electrolytes (Na+, K+,
and Cl-), specific gravity, and proteins
No effects on blood urea nitrogen, creatinine, or
protein

ADME/PK

Voclosporin has low oral bioavailability (~8%), but is rapidly absorbed as Tmax ranged from 2-4
hrs, and has a relatively short half-life (ranged from 4.8-8.7 hrs in rats, 5.4-13 hrs in monkeys).
PK studies in rats, rabbits, and monkeys (using isomer specific assay methods) showed that
following oral administration of mix-ISA247, the blood concentrations of the trans-isomer
(voclosporin) were approximately 2-times greater than those of the cis-isomer, indicating the
trans-isomer is more bioavailable than the cis-isomer. In vitro studies, using human whole
blood, did not show significant interconversion between the cis and trans isomers. Similarly,
there was no evidence of significant isomer interconversion in blood from healthy human
volunteers treated with voclosporin for 12 days or from rats treated for 13 weeks.
Voclosporin and mix-ISA247 were extensively metabolized by hydroxylation and oxidative Ndemethylation reactions in all species studied, including humans. The metabolism of
voclosporin involves cytochrome P450 oxidation of amino acids, other than amino acid 1, to
yield the quantifiable metabolites, IM9, IM4 and IM4n, and also oxidation of amino acid 1 to
generate the quantifiable metabolites, IM1-Diol-1, IM1c (R), and IM1w. Other metabolites were
observed in vivo but at levels too low to quantitate (i.e., IM1-Diol-2, IM1-Diol-3, IM1c (S), IM1a,
and IM1w-dk). The metabolic pathways were determined for human metabolism (refer to the
Clinical Pharmacology Metabolism section). Systemic exposure to voclosporin was uniformly
greater than exposure to its measured metabolites. All major circulating metabolites detected
in human were also present in one or more of the toxicology species, used to evaluate the
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safety of voclosporin. There were no unique human metabolites. The profile of metabolites and
their levels in the cynomolgus monkey were most similar to humans. Both IM9 and IM1-Diol-1
were observed in every species, with IM9 being the most abundant metabolite. CYP450 3A4/5
was the primary CYP450 enzyme involved in the Phase I metabolism of voclosporin. Voclosporin
was a competitive inhibitor of CYP3A4/5 and a P-gp substrate and inhibitor in studies of pooled
human liver microsomes.
Plasma protein binding of voclosporin was high (97-98%) and independent of concentration in
humans and all nonclinical species evaluated (CD-1 mouse, SD rat, NZW rabbit, Beagle dog,
cynomolgus monkey). Voclosporin partitioned extensively into red blood cells and therefore,
whole blood was the source material for quantifying concentrations of mix-ISA247, voclosporin,
and metabolites.
The PK/TK data for mix-ISA247 and voclosporin indicate that systemic exposure increased with
dose in all species studied. However, saturation of exposure was observed in monkeys at high
doses and consistent sex-related differences were noted in rats with males having greater
exposure than females for the same administered dose. There was no evidence of
accumulation with repeated dosing in any of the animal studies. In fact, for the higher doses
studied in long term studies, the week 4 drug exposures (AUC) were often lower than day 1
levels, and these values were maintained throughout the rest of the study.
Tissue distribution studies of 3H- or 14C-voclosporin conducted in rats and monkeys found
greater amounts of radioactivity associated with the gastrointestinal tract, liver, and kidney. In
rats, elimination of radioactivity appeared to be essentially complete in most tissues by 168 hr
(most tissues were below the lower limit of quantification o
-eq/g), while in monkeys,
radioactivity was still measurable at 168 hrs postdose. In both species (rats and monkeys),
distribution of radioactivity to the eye, brain, and spinal cord was low, although toxicity studies
indicate these sites as potential target tissues in rats (cataracts, neuroinflammation), although
specific cell types were not examined in distribution studies. Fecal and biliary excretion were
the primary routes of elimination for rats and monkeys.
(b) (4)
Refer to the Review of
in the Appendix to the Pharmacology-Toxicology Section for
the complete reviews for the following studies.

Summary of Pharmacokinetic Studies
Type of Study

Major Findings

Absorption
Bioavailability of ISATX247 in a Rat Model
(Study # ISA99-03)
Voclosporin Bioavailability
(Study ISA08-15)

Oral bioavailability was 15% in males and 20% in females.
Exposure in females was lower than males
Oral bioavailability was 7.6% (females) and 7.8% (males)
Cmax values in males were ~1.5x higher than that of
females after IV administration
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AUC values in males were ~2x higher than that of
females following either IV or oral administration.
Clearance of voclosporin in females was approximately
2x that of males for either oral or IV administration.
The Vd for voclosporin was approximately 2x greater
than total body water in males and 4x greater in
females indicating that voclosporin is extensively
distributed outside the blood volume and into the
tissues.
Investigating whether Inter-conversion Can
Occur Between the Cis (Z) and Trans (E)
Isomers of ISA247 in Human Whole Blood
at 37°C (Study 03-08)

Interconversion Potential of Voclosporin
In Vivo (Study ISA09-11)

Human : Two separate experiments, each using
pooled blood from 2 volunteers, were performed
to test for in vitro isomer inter-conversion.
Cis-ISA247 and trans-ISA247 did not interconvert
in intact and denatured whole blood when
incubated for up to 6 hrs at 37oC at concentrations
of 25 and 500 ng/mL.
(b) (4)
(b) (4)
Human:
-isomer) was
orally administered in apple juice to healthy volunteers
at daily doses of 0.5, 1.0, 2.0, and 3.0 mg/kg/day for 12
days as part of (b) (4) .
Rat: Blood samples were also evaluated from the 13week bridging rat toxicology study (ISA03-03), where
animals received VCS doses of 2.5, 10, or 25 mg/kg/day.
Whole blood samples were obtained on Days 1, 28, and
56, and during Week 13.
Results: The percent of cis, from the total drug, ranged
from not detected (BQL) to 4.5% in humans and from
not detected (BQL) to 1.8% in rats. The percentage of
(b) (4)
the cis isomer

Distribution
Human Whole Blood Distribution of
ISATX247: Red Blood Cell to Plasma Ratio
of ISATX247, Temperature Equilibration
Studies (Study ISA00-26)
Human Whole Blood Distribution of
Voclosporin (VCS): The Effect of
Temperature and Concentration on the
Plasma to Red Blood Cell Distribution
of Voclosporin (Study ISA09-26)
In Vitro Protein Binding of Voclosporin in
Mouse, Rat, Rabbit, Dog, Monkey
and Human Plasma (Study ISA08-29)

After incubation for 20-120 min at 37°C, the
RBC/plasma ratios (2.0-2.8) were independent of
ISATX247 concentration, or length of incubation time,
over the ranges studied (50-2000 ng/mL).
VCS partitions preferentially into red blood cells
Both studies contributed to the decision to extract whole
blood for voclosporin (ISATX247) when quantifying PK/TK
concentrations in blood
Plasma protein binding of voclosporin
Concentration
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50-1000 ng/mL:

Pharmacokinetics, Tissue Distribution, and
Mass Balance of [3H]-ISATX247 Following
Oral Administration to Male and Female
Sprague-Dawley Rats (Study ISA00-25)

mouse
98.31
monkey
97.60
50-2000 ng/mL
rat
98.34
dog
97.77
20-200 ng/mL
rabbit
97.35
50-800 ng/mL
human
96.97
Sprague-Dawley rats were given a single oral (gavage) dose
of 25 mg/kg [3H]ISATX247. Three animals/sex were
sacrificed at 1, 2, 4, 8, 12, 24, 48, and 72 hrs post-dose.
Blood:
Blood Tmax = 4 hrs for both sexes
Apparent biexponential decline:
Blood terminal t1/2 = 11.4 hrs (males) and 10.3 hrs
(females)
Mean resident time = 15.0 hrs (males) and 17.9 hrs
(females)
Volume of distribution (Vz/F) = 30.1L/kg (males) and 33.6
L/kg (females)
eq./g (females)
AUC0-eq.-eq.-hr/g
(females)
Tissues:
Wide tissue distribution
Tissue Tmax = Mostly 4-8 hrs for both sexes
-eq./g
-eq/g for females, respectively)
-eq./g in all tissues of the GI tract
The majority of tissues had Cmax ranging from 1eq./g
L
-eq./g; kidney Cmax = 5.75 ±
-eq./g; eyes
-eq./g in males
-eq./g; kidney Cmax 4.21 ±
-eq./g; eyes
-eq./g in females
Cmax was lowest (<0.5 -eq./g) in cerebral cortex,
cerebellum, and midbrain for males and females, and in
testes
Tissues elimination t1/2 : Half-lives associated with tissues
of the GI tract were generally around 10 hrs, similar to that
observed for blood.
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Half-lives for a majority of other tissues were within the
range of ~10-20 hrs.
A smaller set of tissues exhibited t1/2 in the range of ~2040 hrs, including reproductive tissues, eyes, heart, and
skeletal muscle, and a few tissues had half-lives >35 hrs,
such as cerebellum and cerebral cortex
[14C]ISA247 Absorption, Distribution,
Metabolism, and Excretion Studies in
the Rat after a Single Oral (Gavage) Dose
(Study # ISA05-18)

A single oral dose of 5 mg/kg [14C]ISA247 was
administered to male and female albino (Sprague-Dawley
strain) rats and partially pigmented (Lister Hooded strain)
male rats.
Two animals/gender were sacrificed at 1, 2, 4, 8, 12, 24,
48, and 72 hrs postdose (albino rats) and 1 male at 1, 2, 4,
8, 24, 72, 240, 336 and 504 hrs (pigmented rats) for
evaluation of tissue distribution in selected tissues
Blood concentrations of radioactivity after oral
administration to albino rats:
Tmax = 3 hrs in males and at 2 hrs in females
Apparent biphasic decline
Cmax = 565 ± 81 ng-eq./mL (males) and 455 ± 16 ngeq./mL (females) AUC0-t in males (4220 ng-eq.-hr/mL) >
females (3030 ng-eq.-hr/mL).
At 24 hrs post dose, 4.6% (males) and 2.7% (females) of
the observed Cmax value (26.2 and 12.5 ng-eq./mL,
respectively) still present.
Mean concentrations of total radioactivity still measurable
at the final sampling time (72 hrs); 8.23 (males) and 5.56
(females) ng-eq./mL.
Terminal t1/2 shorter in males (29 hrs) than in females (41
hrs) (The Applicant notes that the t1/2 estimates must be
taken with caution because the data did not meet all
acceptance criteria.)
Tissue distribution in albino rats
Wide tissue distribution
The highest concentrations of radioactivity generally
associated with the gastrointestinal tract (Cmax of 21 and
-eq/g in males and females, respectively), liver (Cmax
-eq/g in both males and females), and kidney
-eq/g in males and females,
respectively).
-eq/g) also in the
pancreas, thyroid, spleen, adrenals, and mesenteric lymph
node in both males and females.
-eq/g) were low in
both sexes
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Radioactivity concentrations in the eye was low in both
-eq/g) and females (Cmax = 0.036
-eq/g).
Radioactivity concentrations in the female sexual organs
-eq/g) were notably higher than those
-eq/g).
At 72 hrs (the final sampling time), most tissues were
-eq/g).
Low levels of radioactivity were still noted in the liver,
kidney, exorbital and intra-orbital lacrimal glands,
pancreas, thymus, testis, and large intestinal wall in males
and liver, kidney, exorbital lacrimal glands, and pancreas in
females.
exorbital and intraorbital lacrimal glands in males (0.192
vely).
Tissue distribution in pigmented rats
Concentrations of radioactivity in whole blood and the
sampled organs (kidneys, liver, eyes, and skin) of
pigmented rats were generally similar to those in the
corresponding tissues of albino rats at the corresponding
times. Binding to melanin in skin seemed unlikely.
[14C]Voclosporin Pharmacokinetics,
Distribution, and Excretion Studies of
[14C]Voclosporin in the Cynomolgus
Monkey after a Single Oral (Gavage)
Dose (Study ISA08-01)

Monkeys (2/sex/group) were given a single oral (gavage)
dose of 40 mg/kg [14C]ISA247 (voclosporin). Whole-blood,
excreta, and urine were obtained at specified times up to
168 hrs post-dose. For evaluation of tissue distribution,
selected tissues and organs were removed at 2 hrs (one
male and one female), 24 hrs (one male), and 168 hrs (one
female) post-dose
Blood concentrations of radioactivity:
No notable sex-related differences in blood radioactivity
concentrations
Tmax = 2-3 hrs
Mean Cmax = 549 ng-eq./mL (males) and 472 ng-eq./mL
(females)
AUC0-24hrs = 4255 ng-hr/mL (males) and 3760 ng-hr/mL
(females)
Blood levels of radioactivity at 24 hrs postdose: 15%
(males) and 13% (females) of Cmax
Radioactivity was still measurable at the final sampling
time (168 hrs postdose);
27.4 ng-eq./mL (5% of Cmax) in males and 20.9 ng-eq./mL
(4.4% of Cmax) in females
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Terminal t1/2 = ~160-560 hrs (could not be accurately
estimated in any animal as the data failed to meet the
acceptance criteria)
Blood concentrations of voclosporin
Tmax = 2-3 hrs
Mean Cmax = 204 ng-eq./mL (males) and 154 ng-eq./mL
(females); ~30 –40% of total radioactivity
AUC0-24hrs = 1580 ng-hr/mL (males) and 1185 ng-hr/mL
(females)
Still detectable at the final sampling time (24 hrs
postdose); 20.5 ng/mL (10% of Cmax ) in males and 8.5
ng/mL (6% of Cmax) in females, respectively
Terminal t1/2 = 6-9 hrs
CL = 14.7-28.4 L/hr/kg
Apparent Vd = 189-328 L/kg [higher than the reported
total body water volume of monkeys of 0.693 L/kg (Davies
and Morris)]
Tissue distribution:
Rapid and wide tissue distribution
Maximal concentrations occurred in the majority of
tissues/organs at 2 hrs postdose, except for mammary
glands and skin (pigmented and nonpigmented) which had
higher levels at 168 hrs postdose.
Highest concentrations of radioactivity in the walls of the
gastrointestinal tract (60,200-142000 ng-eq./g) > bile
(48700-91800 ng-eq./g) >liver (6700-11800
ng-eq./g) > aorta (5660 ng-eq./g female only) > lymph
node (mesenteric; 2070-2880 ng-eq./g) > kidney (949-1440
ng-eq./g)
Consistently high concentrations also in the lungs, spleen,
pancreas, pituitary gland, salivary gland, and adrenal
glands (300-806 ng-eq./g). Low radioactivity in brain (131135 ng-eq./g), spinal cord (70-85 ng-eq./g), and
cerebrospinal fluid (44-41 ng-eq./g).
Low radioactivity concentrations in the therapeutic target
(eye) was in both males (Cmax = 48.4 ng-eq/g) and females
(Cmax = 47.3 ng-eq/g)
At 168 hrs postdose, radioactivity (ranging from 23.1 ngeq/g in the spinal cord to 1070 ng-eq/g in the gall bladder)
was still measurable in essentially all the tissues and
whole-blood (except for the eyes and cerebrospinal fluid,
where no radioactivity was detected at 168 hrs postdose)
Placental Transfer and Milk Transfer of
Radioactivity in Rats Following a Single Oral

Pregnant (15 females) and lactating (15 females) were
administered 2.5 mg/kg/day [14C]-voclosporin on Day 19
of gestation or on Day 10 postpartum, respectively.
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Gavage Dose of [14C]Voclosporin (Study
(b) (4)
420696)

Placental Transfer:
Maternal plasma and blood
Cmax
-eq/ mL
AUC0-last
-eq-hr/mL
Fetal blood, exposure was below the lower limit of
Radiolabeled material was observed in fetal
tissues suggesting that dose-related material had
crossed the placental barrier, although
distribution was slow and limited and the levels in
fetal carcasses were low

blood (3 fetuses), refer to tables below for the
mean concentrations.
Milk Transfer
After oral administration of [14C]-voclosporin,
-eq/g
AUC0-8hrs
-eq-hr/g
Fetal blood: exposure was below the lower limit
of quantification (0.0
-eq/g; 0.008eq/mL).
Dose-related material was observed in milk of
lactating females and in the stomach contents and
carcasses of male and female pups.
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Metabolism
Major ISATX249 metabolites observed in the various species
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the Toxicology Species (Primate, Rat, Rabbit, and Mouse) Used in the Nonclinical Safety Evaluation of
Voclosporin

Metabolism in the Monkey
Investigating the Metabolism of
Voclosporin, Mix-ISA247, and CisISA247 in Monkey Liver Microsomes
(Study ISA09-22)

Voclosporin: A 10-Day Oral
Pharmacokinetic/Metabolite Study in
Cynomolgus Monkeys (Study ISA08-13)
Monkeys (2/sex/dose) were given
voclosporin (ISA247) orally (gavage) at

The metabolic profile of each drug in monkey liver
microsomes was similar to that observed in human liver
microsomes (Study # ISA08-34) with a difference being in
the quantity of metabolites formed.
Regarding metabolism at amino acid 1, mix-ISA247 formed
IM1-Diol-1, IM1-Diol-2, and IM1-Diol-3. Cis-ISA247
preferentially formed IM1-Diol-2 and IM1-Diol-3 while VCS
preferentially formed IM1-Diol-1.
The metabolite generated with the greatest velocity were
IM9 (Vmax = 84-98 pmol/mg protein*min) and IM4n (69-81
pmol/mg protein*min). The other metabolites showed
Vmax values ranging from 2.7-28.2 pmol/mg protein*min
(IM1-Diol-1) to 1.6-11.0 pmol/mg protein*min (IM1-Diol-2),
depending on the test article evaluated.
Based on AUC0-24hr and Cmax, exposure to voclosporin
was higher than exposure to its metabolites.
On Day 1, the highest AUC0-24hr was observed with IM9
followed by IM1-Diol-1 > IM4n > IM1w > IM4 > IM1c(R) at
both doses. On Day 10, the greatest AUC0-24hr was
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a dose of 40 or 150 mg/kg/day for 10
days.
The vehicle consisted of vitamin
E(b)
TPGS/MCT oil/Tween 40/ (4)% ethanol

Metabolism in the Rat
Voclosporin: An Oral
Pharmacokinetic/Metabolite Study in
Sprague-Dawley Rats (Study ISA08-14)
Single or 10-day repeated oral
(gavage) dose of 2.5 or 25 mg/kg to
Sprague-Dawley rats (6-9/sex/dose).
The vehicle consisted of vitamin E(b)
TPGS/MCT oil/Tween 40/ (4)% ethanol.

Investigating the Metabolism of
Voclosporin, Mix-ISA247, and CisISA247 in Rat Liver Microsomes
(Study ISA09-12)

Metabolism in the Rabbit
Voclosporin and Mix-ISA247: A 10-Day
Oral Pharmacokinetics Comparative
study in New Zealand White Rabbit
(Study ISA08-26)

observed with IM9 and IM1-Diol-1, which demonstrated
similar exposure.
This was followed by IM1w > IM4n ~ IM4 > IM1c(R) at both
doses.
In contrast to findings in the rat, AUC0-24hr in female
monkeys was higher than in males.
Metabolites IM1-Diol-1 and IM9 were present at levels
above 10% of parent.
The Tmax for VCS ranged from 2.5-4 hrs. The metabolites
showed comparable Tmax except for IM1-Diol-1 (3-15 hrs)
and IM1w (2.5-13 hrs).
The t1/2 for VCS ranged from 5.4-13 hrs. The metabolites
showed shorter or comparable t1/2 except for IM1-Diol-1
(11.1-42.5 hrs) and IM1w (12.9-27 hrs).
The major metabolites observed in humans (IM9, IM4n,
IM1- Diol-1) were quantifiable in this rat study.
25 mg/kg/day dose showed the greatest AUC0-24hr was
vs. 5283
IM1-DiolBased on AUC0VCS exposure than females.
At 25 mg/kg/day on Day 10, AUC0-24hr was 25,344 nghr/mL in males and 8,253 ng-hr/mL in females.
In addition, females had a higher metabolite/voclosporin
ratio using AUC0-24 hr compared to males.
The metabolic profile of each drug in rat liver microsomes
was similar to that observed in human liver microsomes
(Study # ISA08-34) with a difference being in the quantity of
metabolites formed.
Regarding metabolism at amino acid 1, mix-ISA247 formed
IM1-Diol-1, IM1-Diol-2, and IM1-Diol-3. Cis-ISA247
preferentially formed IM1-Diol-2 and IM1-Diol-3 while VCS
preferentially formed IM1-Diol-1. The metabolite generated
with the greatest velocity was IM9 (Vmax = 1.15-1.87
pmol/mg protein*min). The other metabolites showed Vmax
values ranging from 0.02-0.22 pmol/mg protein*min (IM1Diol-2) to 0.37-1.09 pmol/mg protein*min [IM1c (R)],
depending on the test article evaluated.
Based on AUC0-24hr and Cmax, exposure to the transisomer was greater than exposure to the cis-isomer after
both voclosporin and mix-ISA247 administration.
On Day 10, the trans-isomer accounted for 68% (573 nghr/mL) of the total AUC0-24hr following mix-ISA247
administration and 96% (902 ng-hr/mL) of the total AUC024hr following voclosporin administration.
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Female New Zealand White rabbits
(4/group) were given voclosporin
(b) (4)
(b) (4)
-isomer)
(b) (4)
(b) (4)
or mix ISA247 (
% trans,
%
cis) as an oral (gavage) dose of 20
mg/kg/day for 10 days. The vehicle
consisted of vitamin E-TPGS/MCT
(b)
oil/Tween 40/ (4)% ethanol.

Metabolism of Cyclosporine A and
ISATX247 in the Rabbit: Identification
and Characterization of Metabolites by
HPLC-Electrospray Mass Spectrometry
(Study ISA00-04)

Metabolism in the Mouse
Metabolic Analysis of ISA247 in a FiveDay Repeat Dose Oral Gavage
Metabolism and Toxicokinetic Study in
Two Strains of Mice (Study ISA05-09)

On Day 10, metabolite exposures for mix-ISA247 showed
highest AUC0-24hr with IM9 (190 ng-hr/mL) followed by
IM1-Diol-1 >IM1c(R).
For voclosporin, the highest AUC0-24hr was observed with
IM9 (230 ng-hr/mL) followed by IM1-Diol-1 > IM1c(R) >
IM1w> IM4n.
The major metabolites observed in humans, IM9 and IM1Diol-1, and trace amount of IM4n were also observed in
this rabbit study.
On both Day 1 and 10, the Tmax was 4 hrs for both the cis
and trans isomers after administration of VCS.
After administration of mix-ISA247, the Tmax for both
isomers was 1 hr on Day 1 and 4 hrs on Day 10.
The observed metabolites had a Tmax of 4 hrs on both
days.
A comparison of LCMS profiles for CsA and ISATX247
incubated with rabbit liver microsomes for 20 min showed
the metabolite profile for ISATX247 was different from that
of CsA. The metabolites produced, and the velocity (pmol/mg
protein*min) of their biosynthesis, for CsA was AM1 (38.7),
AM9 (9.6), AM4n (1.45), and AMlc (1.0), respectively.
The metabolic profile for ISATX247 was AM1-Diol (23.7), AM9
(19.4), AM1c-1 (9.2), AM4n (7.6), AM1c-2 (3.7), and AM (X)
(2.5).
The primary site for metabolism of both CsA and ISATX 247
involves amino acid # 1 hydroxylation.
Different metabolic profiles were also observed in vivo,
evaluated 30 min after IV administration of 10 mg/kg CsA or
ISATX247; Diol-1 > AM9 > Diol-1-X > AM4n for CsA, and
AM9>AM19>AM1>AM1c>AM4n for ISATX247
Animals were given an oral (gavage) dose of 25 mg/kg/day for
5 days and blood samples analyzed by LC-MS-MS.
The metabolic profile of ISA247 generated with the transgenic
mouse, CByB6F1, was similar to the one generated with the
Crl:CD1(ICR) mouse with several metabolites observed
including IM9, AM1, IM4, and IM4n.
The major metabolite observed with both species was IM9,
which is also the major metabolite seen in humans. A
difference was observed related to exposure. CD-1 mice had
greater AUCs for the parent drug and metabolites than
CByB6F1 mice.
Also, humans produced larger amount of the IM1-Diol-1
compared to both mouse species.
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Excretion
Elimination in Rat
Pharmacokinetics, Tissue Distribution,
and Mass Balance of [3H]ISATX247
Following Oral Administration to Male
and Female Sprague-Dawley Rats
(Study ISA00-25)

Elimination in Rat
[14C]ISA247 Absorption, Distribution,
Metabolism, and Excretion Studies in
the Rat after a Single Oral (Gavage)
Dose (Study # ISA05-18)

Feces - Primary route of elimination (mean total of 97.02%
and 88.92% of the dose recovered in feces for males and
females, respectively)
Urine - Minor route of excretion (mean total of 4.98% and
6.32% recovered in urine for males and females,
respectively)
Time for total radioactivity excretion - Large majority of
radioactivity excreted within 24 hrs and appeared to be
essentially complete by 48-72 hrs
Feces - Primary route of elimination (mean total of 95% and
97% of the dose recovered in feces for males and females,
respectively) up to 168 hrs postdose
Urine - Minor route of excretion (mean total of 1.25% and
1.75% recovered in urine for males and females,
respectively)
Time for total radioactivity excretion - Large majority of
radioactivity (98% for males and 99% for females) excreted
within 48 hrs and appeared to be essentially complete by
168 hrs (as less than 0.1% dose present in the final daily
excreta samples collected)
Bile (study in bile-cannulated rats)
Mean totals of 2.50% and 5.14% of the dose were excreted
in bile by male and female rats respectively. Overall,
approximately 3% and 6% of an oral dose of [14C]ISA247
given to male and female bile duct-cannulated rats
respectively was absorbed from the gastrointestinal tract
and excreted in bile and urine.
The concentrations of radioactivity in bile were close to the
total dose absorbed indicating that biliary excretion is an
important route of elimination for absorbed drug (only a
small fraction (<8%) of the dose is absorbed). However, the
Applicant noted that similar to cyclosporine, ISA247 may be
dependent on bile for absorption.
Fecal radioactivity was likely to reflect both non-absorbed
dose and absorbed dose that was subsequently excreted via
the bile.
Metabolic profiling:
Blood: In whole-blood, unchanged [14C]ISA247 represented
> 50% of total drug-related material throughout the first 24
hrs postdose.
Metabolites: One major (up to about 25% of sample
radioactivity; IM9) and two minor (<10%; IM4n and an
isomer of IM9) radioactive components were also present in
the systemic circulation.
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Urine and Bile: Chromatography of urine and bile revealed
up to 11 and 12 radioactive components, respectively,
including ISA247. All these components were found in low

Elimination in Monkey
[14C]Voclosporin Pharmacokinetics,
Distribution, and Excretion Studies of
[14C]Voclosporin in the Cynomolgus
Monkey after a Single Oral (Gavage)
Dose (Study ISA08-01)

unidentified polar metabolites. In bile, in addition to IM9
(and isomers), hydroxylated metabolites of IM4n were
detected. Dihydroxylated metabolites of ISA247 also were
identified and more isomers appeared to be present in the
bile from the female rats than the male rats. An isomer of
IM4n was also identified.
Excretion of radioactivity:
Feces - Primary route of elimination (mean total of 79% and
77% of the dose recovered in feces for males and females,
respectively) up to 168 hrs
Urine - Minor route of excretion (mean total of 0.76% and
1.87% recovered in urine for males and females,
respectively)
Time for total radioactivity excretion - Majority of
radioactivity (78% for males and 75% for females) excreted in
feces within 48-72 hrs. At 168 hrs postdose, radioactivity was
still detected, although in low levels, primarily in feces (0.220.59% of the dose).
Biliary excretion was assessed as contents of the gallbladder
in the tissue distribution part of the study (see below).
As noted by the Applicant, the high concentrations of
radioactivity in bile indicate that biliary excretion of absorbed
dose is an important route of elimination for this drug (only a
small fraction of the dose is absorbed). Thus, fecal
radioactivity was likely to reflect both non-absorbed dose
and absorbed dose that was subsequently excreted via the
bile.

Interconversion of Isomers
Investigating whether Inter-conversion
Can Occur Between the Cis (Z) and Trans
(E) Isomers of ISA247 in Human Whole
Blood at 37°C
(Study 03-08)

Two separate experiments, each using pooled blood from 2
volunteers, were performed to test for in vitro interconversion.
Cis-ISA247 and trans-ISA247 did not interconvert in intact
and denatured whole blood when incubated for up to 6 hrs
at 37oC at concentrations of 25 and 500 ng/mL.
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Interconversion Potential of
Voclosporin In Vivo
(Study ISA09-11)

(b) (4)

(b) (4)

-isomer) was orally
administered in apple juice to healthy volunteers at daily
doses of 0.5, 1.0, 2.0, and 3.0 mg/kg/day for 12 days as part
(b) (4)
of
Study PF 40175.
Blood samples were also evaluated from the 13-week
bridging rat toxicology study (ISA03-03), where animals
received VCS doses of 2.5, 10, or 25 mg/kg/day. Whole
blood samples were obtained on Days 1, 28, and 56, and
during Week 13.
The percent of cis, from the total drug, ranged from not
detected (BQL) to 4.5% in humans and from not detected
(BQL) to 1.8% in rats.
(b) (4)
The percentage of the cis isomer

Therefore, the data supports the contention that the trans
isomer of voclosporin does not interconvert to the cis
isomer.

5.1
5.5.1

Toxicology
General Toxicology

Long term studies to support the clinical use of voclosporin were conducted in rats and
monkeys. The drug substance was a mixture of cis:trans isomers (approximately 50:50,
ISATX247, mix-247). Bridging studies of 4- and 13-weeks duration in rats demonstrated
toxicological similarity between ISATX247 and voclosporin (90-95% trans-isomer). Generally, the
toxicities with different proportions of cis:trans isomers ISA247 were similar to cyclosporine A
which was used as a comparator in a number of toxicity studies since voclosporin is a
modification of cyclosporine. The effects of voclosporin in these rat studies included
immunosuppression (e.g., thymic medullary atrophy, absence of germinal centers, lymphomas,
decreased lymphocyte counts), renal toxicity, neurotoxicity, gingival hyperplasia, and liver
toxicity. Decisions on acceptable safety in proposed early clinical protocols often relied on the
similarity of nonclinical toxicities between voclosporin and cyclosporine A, and the extensive
clinical experience with cyclosporine A since its approval in 1983. Although at similar doses,
cyclosporine exposure was at least 2-fold higher compared to voclosporin (or mix-ISA247),
suggesting voclosporin might provide a greater safety margin in clinical use; however, the
exposure margins for these toxicities were often within the expected therapeutic range for
voclosporin.
Mortalities in rat studies were associated with neurohistological findings, i.e., gliosis and
perivascular infiltrates in the brain and spinal cord. None of the other species showed similar
findings. The exposures in rats from different preparations of cis:tran ISA247 were greater than
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those found in other species which may account for these effects. Neurotoxicity is a known
adverse effect of calcineurin inhibitors, and this was demonstrated again in cyclosporine A
treated comparator rats.
The pivotal 26- and 39-week toxicity studies were conducted in the rat and cynomolgus
monkey, respectively. In dog studies, emesis was common and the resulting variations in
systemic exposure following oral dosing made interpretation difficult for findings at a given
dose. The vehicle used these oral toxicology studies was Vitamin E TPGS (D-alpha-tocopherylpolyethylene glycol 1000 succinate)/medium chain triglyceride (MCT) oil/Tween 40(b) (4) %
(b) (4)
ethanol
similar to the clinical formulation. An earlier 13-week study in rats
(ISA05-11) found similar toxicological results with or without vitamin E-TPGS, indicating that the
vitamin E component of the vehicle was unlikely to be masking any hepatic or other effects of
mix-ISA247 or voclosporin in the toxicology studies.
In rats and monkeys, lymphoid atrophy occurred in the thymus, spleen and lymph nodes.
Decreases in circulating neutrophils and lymphocytes occurred in rats. In the rat, cataract
formation, renal effects and neurohistological findings were seen. The renal effects included
increases in blood urea nitrogen (BUN) and creatinine, tubular basophilia, tubular
degeneration/regeneration, and corticomedullary mineralization. The neurohistological effects
included gliosis and perivascular infiltrates in the brain and spinal cord. In the monkey, gingival
hyperplasia and lymphosarcoma (which is consistent with immunosuppression) were the main
toxicological findings.
In a 13-week bridging study in rats (Study ISA03-03), the repeat dose toxicity of voclosporin was
directly compared with that of mix-ISA247, cis-ISA247 and cyclosporine A. At a given oral dose
level, administration of voclosporin or cyclosporine A produced slightly higher incidences
and/or severities of adverse effects than administration of either mix-ISA247 or cis-ISA247.
These differences were likely related to the higher bioavailability of cyclosporine A and the
greater bioavailability of the trans-isomer (approximately 2-fold) over the cis-isomer. The area
under the concentration-time curve (AUC) following voclosporin administration was greater
than the AUC (cis- plus trans-isomer) obtained following mix-ISA247 administration. Notably,
exposure of rats to cyclosporine A was greater than cis-ISA247, trans-ISA247 or mix-ISA247.
Key Findings of Pivotal Toxicity Studies
(b) (4)
Refer to the Review of
in the Appendix to the Pharmacology-Toxicology Section for
the complete reviews for the following studies.

26-Week Repeat Oral Toxicity Study of ISATX247 and Cyclosporine in Sprague-Dawley Rats
(Study ISA01-18)
Key Study Findings
Mortalities were observed in all groups including the vehicle control, with higher
numbers of mortalities for males in the 10 mg/kg/day ISATX247 and cyclosporine
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A (CsA) groups. With the exception of 3 animals, a cause of death could not be
determined for these animals.
Histopathological effects of treatments were found in the central and peripheral
nervous systems, eyes, lungs, thymus, and kidneys (males).
The microscopic findings observed in the central and peripheral nervous systems
(brain, spinal cord, cranial nerves, and sciatic nerve), eye, and thymus (CsA males
only) persisted following the recovery period. The finding of renal tubular
degeneration/regeneration had similar incidence and severity (trace/mild) as in
the control group at end of the recovery period except for the high-dose CsA
males, making it difficult to judge reversibility.
Sex-related differences in drug exposure were confirmed for both ISA247 and
CsA with higher Cmax and AUC0-24hrs values observed in male rats. This was
consistent with the increased sensitivity for adverse findings in males for the
same dose administered to females.
No significant differences were observed in the toxicology profile of both
ISATX247 and CsA.
Although a NOEL was not present, due to the trace severity of renal tubular
degeneration/regeneration and thymus atrophy at the low dose at week 26, the
NOAEL was 1.25 mg/kg/day
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Table 2. Summary of Histopathology Findings in the 26-week rat toxicity study
Drug
Dose
(mg/kg/day)
Sex

Vehicle

mix-ISA247 (ISATX247)

0

1.25

M

2.5

Cyclosporine A
10

F

M

F

M

F

M

2
18

2
18

302
287
272
2
18

82
98
77
1
19

334
474
711
0
20

266
255
275
2
18

4061
5797
6399
5
15

4
(1)

3

12

4

12

3

0

5

0

3

0

0

1

0

0

2

4

8

1
(1)

0

0

1.25

F

2.5

10

M

F

M

F

M

F

1743
1487
1893
2
18

354
317
570
5
15

130
107
141
0
20

835
1212
1799
0
20

390
428
474
1
19

6004
15536
12986
8
12

3370
5667
5367
2
18

16

5

5

3

9

4

14(2)

1

7

3(1)

2

0

2

1

3

4

9

0

0

4

0

1

0

4

0

14

0

5

9

0

8

3

0

3

6

3

8 (1)

3

18

0

18

0

20

17 (1)

0

0

18

1

17 (2)

16

0

0

0

0

0

3

0

0

0

0

0

1 (2)

1

0
0

0
0

0
0

0
0

0
0

0
0

5
3

0
0

0
0

0
0

0
0

0
0

2
2

1
1

0

0

0

0

0

0

6

0

0

0

0

0

2 (1)

0

0
0

0
0

0
0

0
2

0
1

0
2

0
7

0
4

0
0

0
2

0
2

0
2

0 (2)
7 (2)

0
1

0

0

0

0

0

0

4

0

0

0

0

0

0

0

0
0

0
4

0
0

0
4

0
3

0
5

3
8

0
11

0
0

0
6

0
5

0
6

0
7

0
7

0

0

0

0

2

0

9

0

0

0

2

0

6 (2)

2

AUC0-24
(ng-h/mL)

Day 1
Week 13
Week 26
Mortalities
N at termination
Kidney
tubular
degeneration/re
generation
tubular
mineralization
tubular
dilatation
lymphocyte
infiltrates
Thymus
atrophy
Brain
Inflammation,
subacute
Gliosis
Nerve fiber
degeneration
Spinal Cord
Cervical
inflammation,
subacute
gliosis
nerve
degeneration
Thoracic
inflammation
subacute
gliosis
nerve
degeneration
Lumbar
inflammation
subacute
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Drug

Vehicle

Dose
(mg/kg/day)
Sex

mix-ISA247 (ISATX247)

0
M

1.25

2.5

Cyclosporine A
10

F

M

F

M

F

M

Day 1
Week 13
Week 26
Mortalities
2
2
N at termination 18
18
gliosis
0
0
nerve
0
1
degeneration
Peripheral Nervous System
Cranial nerve
0
fiber
degeneration
Sciatic nerve
0
inflam/degen
Eyes
cataracts
0
0

302
287
272
2
18
0
0

82
98
77
1
19
0
1

334
474
711
0
20
0
3

266
255
275
2
18
0
0

4061
5797
6399
5
15
1
8

1.25
F

2.5

10

M

F

M

F

354
317
570
5
15
0
0

130
107
141
0
20
0
0

835
1212
1799
0
20
0
5

390
428
474
1
19
0
0

M

F

AUC0-24
(ng-h/mL)
1743
1487
1893
2
18
0
2

6004
15536
12986
8
12
0 (1)
5 (2)

0

0

5

0

0

6

0

0

7

0

0

6 (1)

0

0

0

0

11 (1)

0

0

0

0

1

8 (1)

3370
5667
5367
2
18
1
5

0

Heart
Cardiomyo12
3 (1) 9
4
9
4
11 (1) 5
14
6
15
6
5
6
pathy
Lung
Inflammation,
3
2
10
4 (1)
10 (1)
4
subacute
Alveolar
4
11
13 (1)
macrophages
- No animals evaluated
( ) findings in animals that died on study
Recovery:
Central and peripheral nervous systems (brain, spinal cord, cranial nerves, and sciatic nerve), eye, and thymus (CsA males only)
persisted following the recovery period.
Renal tubular degeneration/regeneration had similar incidence and severity (trace/mild) as in control group except for a slightly
higher incidence at the high dose CsA males, making it difficult to judge recovery. The incidences were 3/6, 3/5, 5/6, 3/4, 1/6,
3/6, 6/6 at 0, 1.25, 2.5, and 10 mg/kg/day ISATX247, and 1.25, 2.5, and 10 mg/kg/day CsA, respectively.

Refer to the Review of
the complete study review.

(b) (4)

in the Appendix to the Pharmacology-Toxicology Section for
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A 39-Week Oral Toxicity Study in Cynomolgus Monkey Followed by a 28-Day Recovery Period
(Study ISA02-01)
Key Study Findings
One high dose (150 mg/kg/day) female died on study Day 132 due to a
lymphosarcoma.
Clinical signs were limited to fecal changes in all treatment groups including
the saline and vehicle controls and swelling of the gums in mid and high dose
ISATX247-treated animals.
Decreases in CD2+ (total T cells) and CD2+/CD4+ (T helper cells), and increases
There was a direct correlation between Cmax and maximum calcineurin
inhibition (Emax).
Histopathology found lymphosarcomas in 1 male and 4 females at 150
mg/kg/day, and gingival hyperplasia and splenic lymphoid hyperplasia in
males and females at 75 or 150 mg/kg/day.
The NOAEL was the low dose (25 mg/kg/day).
Refer to the Review of
the complete study review

(b) (4)

in the Appendix to the Pharmacology-Toxicology Section for

COMPARING CIS AND TRANS ISOMERS
ISA247 (Mixture), Cis-ISA247, and Trans-ISA247: 13-Week Oral (Gavage) Comparative Toxicity
Study in the CD Rat (Study ISA03-03)
Key Study Findings
Mortalities were observed in all groups including vehicle controls and CsA
treated groups. There was no evidence of a dose relationship for any of the
compounds. The deaths were attributed to gavage error or to the vehicle.
All 4 test articles showed similar target tissue profiles. However, transISA247 generally showed higher severity or incidence of findings than cis- or
mix-ISA247. The severity and/or incidence between trans-ISA247 and CsA for
most findings were similar. Trans-ISA247 had the greatest systemic exposure
followed by ISA247 (mixture) (cis and trans isomers combined) and cisISA247. CsA exposure was higher (3-7x) than that of the three ISA247 test
articles.
At the interim necropsy at week 4, the following targets of toxicity were
identified: liver, kidneys, thymus, mandibular and axillary lymph nodes, and
eyes. In addition, the prostate, seminal vesicles, and sciatic nerve were
considered as potential targets.
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In the 13-week necropsy, the sponsor identified the following targets:
kidneys, thymus, mandibular lymph nodes, eyes, and brain. As observed after
4-week of treatment, the prostate, seminal vesicles, sciatic nerve, and axillary
lymph nodes were considered as potential targets. In addition, the lymphoid
cells in the Peyer’s patches may be targets.
Although findings were observed at all dose levels, a NOAEL for mix-ISA247,
cis-ISA247, and trans-ISA247 was 2.5 mg/kg/day due to the mild severity of
the findings observed at this dose.
Males showed greate
articles.
5.1.2 Genetic Toxicology
Mix-ISA247 (approximately 50: 50 cis-trans mixture) was negative for genetic toxicity in the in
vitro reverse mutation assay in bacterial cells (Ames) test, a chromosomal aberration test with
CHO cells, and an in vivo micronucleus assay in rats after single oral doses up to 2000 mg/kg.
Note that the doses used in these studies assessed approximately 55% of the ICH
recommended doses for the trans-isomer (for example if the Ames assay maximal dose is 5000
µg, only about 2500 µg, rather than 4500 µg of the trans-isomer (if voclosporin was assayed)
would be assayed for this dose. in the in Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
test, voclosporin was negative for mutagenic potential with concentrations up to 5000 µg/plate
with or without S9 metabolic activation. While the level of trans-voclosporin might have been
underdosed in the original genetic toxicity studies, the weight of evidence supports the lack of
genotoxic potential and additional studies are not necessary. Further, findings in carcinogenicity
studies did not suggest a genotoxic mode of action. Findings of malignant lymphoma in mice
appeared to be consistent with known immunosuppressive effects. The carcinogenicity study
with rats was negative.
No structural alerts for mutagenicity were identified in ICH M7(R1)-compliant in silico structural
analyses of 20 voclosporin-related compounds including voclosporin (Study AUR-VDS-2019-01)
in a characterization of impurities and synthetic starting reagents.
Refer to the Review of
the complete study review.

(b) (4)

in the Appendix to the Pharmacology-Toxicology Section for

Bacterial Reverse Mutation Assay
Study AC33TS-503-(b) (4) (voclosporin) and ISA99-05 (ISATX247)
Key Study Findings:
Voclosporin was not mutagenic with or without S9 metabolic activation at
concentrations up to 5000 ug/plate.
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ISATX247 was not mutagenic with or without S9 metabolic activation at concentrations

GLP compliance: Yes
Test system: Plate incorporation method with 48 to 72-hour incubation. Negative and positive
control compounds and doses were appropriate.
Study is valid: Yes
In Vitro Assays in Mammalian Cells
In Vitro Mammalian Chromosome Aberration Test (Study ISA99-04)
Key Study Findings:
ISATX247 was negative for clastogenicity (did not induce structural chromosome aberrations or
numerical changes) in Chinese hamster ovary (CHO) cells in the presence or absence of S9
metabolic activation
GLP compliance: Yes
Test system: Chinese hamster ovary (CHO) cells in the presence and absence of Aroclor induced
-activated 4 hr group
the S9 activated group, and at
-activated 20 hr continuous exposure
toxicity was seen in the first definitive study, a second study was done. In this repeat assay
55% toxicity with no inhibition of cell growth was seen at the highest dose level evaluated for
Study is valid: Yes
In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)
Mammalian Erythrocyte Micronucleus Test (Study ISA00-02)
Key Study Findings:
ISATX247 was not clastogenic (no significant increase in micronucleated polychromatic
erythrocytes) in male or female rats at 24 or 48 hrs after dose administration at doses
up to 2000 mg/kg
GLP compliance: Yes
Test system: A single oral dose of 500, 1000, or 2000 mg/kg of ISATX247 was administered to
male and female rats. Bone marrow cells collected at 24 and 48 hrs after treatment.
Appropriate negative and positive controls were used.
Study is valid: Yes
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5.1.3

Carcinogenicity

In the 39-week oral dosing toxicity study with cynomolgus monkeys, malignant lymphomas
occurred and this resulted in one death in the high dose group of 150 mg/kg/day.
(b) (4)

TX247

in the certificates of
analysis (despite previous designation of ISA TX 247 as the 50:50 racemic mix)] was tested in 2year rat and mouse carcinogenicity studies. Both studies had vehicle control and saline control
groups. The vehicle consisted of Vitamin E-TPGS (d-alpha-tocopherol polyethylene glycol 1000
(b) (4)
succinate), medium chain triglycerides (MCT) oil, Tween® 40, (b)
(4) % ethanol, as a
Mouse Study:
Study title: A 104-Week Oral (Gavage) Carcinogenicity Study in Mice with ISA247 (Study (b) (4)
516008)
In the two-year mouse study, males and females were administered doses of voclosporin at 3,
10 and 30 mg/kg/day, orally, once daily. The two control groups were saline and vehiclecontrol. The high dose of voclosporin resulted in an increase in mortality that lead to
discontinuation of dosing at week 60. Vehicle-related increased mortality occurred in males and
females compared to saline controls. Statistical analysis compared vehicle treatment with
voclosporin dose groups.

There was a statistically significant increase in the incidence of voclosporin-related malignant
lymphomas in female mice. Malignant lymphomas had a significant dose- responsive increase in
male mice, but pairwise significance was not obtained. Malignant lymphoma was considered
drug related in mice.
Rat Study:
A 104-Week Oral (Gavage) Carcinogenicity Study in Rats with ISA247 (Study ISA-04-08)
In the two-year rat study, males were administered voclosporin doses of 0.05, 0.25 and 1.25
mg/kg/day, and females were administered doses of 0.1, 0.5 and 2.5 mg/kg/day, orally, once
daily. The two control groups were saline and vehicle-control.
The high dose of voclosporin resulted in an increase in mortality that lead to discontinuation of
dosing at week 96 for males and week 97 for females. Vehicle-related increased mortality
occurred in males compared to saline controls. Statistical analysis compared vehicle treatment
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with voclosporin dose groups. There were no statistically significant increases of tumor
incidences in either male or female rats from voclosporin administration.

Executive Carcinogenicity Assessment Committee (ECAC) Assessment
At the September 8, 2020 meeting of the ECAC, these studies were discussed, and the
Committee concurred that both studies were adequate, noting prior ECAC approval of the
protocols (see meeting minutes dated September 15, 2020). In the mouse the ECAC concurred
that the incidence of drug related malignant lymphoma was statistically significantly increased
in female mice at the high dose of 30 mg/kg/day in the 2-year carcinogenicity study (see table
above). The Committee concurred that there was a trend for an increase in malignant
lymphomas in males in the 2-year carcinogenicity study, but this did not reach statistical
significance for pairwise comparison with the vehicle control. Malignant lymphoma is
considered drug related in mice. The ECAC also concurred that there were no drug-related
neoplasms in the 2-year rat carcinogenicity study in either males or females.
Rat Carcinogenicity Study
Study Duration (weeks):
Study site:

96-97 weeks (104 weeks planned)

Carcinogenicity Study Report Date:
Date of first dose:
Rat Strain:
Route:
Vehicle:

December 22, 2009
January 25, 2005
Crl:CD (SD) IGS BR rat
Oral gavage
Vitamin E-TPGS (d-alpha-tocopherol polyethylene glycol
1000 succinate), Medium Chain triglyceride oil, Tween 40,
(b) (4)
ethanol

Dosing Comments: [e.g., dose
adjustments, early termination]

Males, terminated in study week 96
Females, terminated in study week 97
Division notifications and communications:
From Sponsor on July 13, 2006, teleconference
July 14, 2006 (meeting minutes Sept 9, 2006);
From Sponsor on Sept 20, 2006, teleconference
Sept 25, 2006 (meeting minutes Sept 27, 2006);
From Sponsor Oct 31, 2006, teleconference on
Nov 3, 2006 (meeting minutes
From Sponsor on Nov 24, started termination,
2006, (review Feb 16, 2007)

Doses and numbers of animals:
Dose (mg/kg/day)

(b) (4)

Male

Female
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Control (saline)
Control (vehicle)
Low
Mid
High

0
0
0.05
0.25
1.25

Basis for Doses Selected (MTD; AUC ratio;
saturation; maximum feasible):
Prior FDA execCAC Dose Concurrence? (y/n;
Date):

Mouse Carcinogenicity Study:
Duration (weeks):
Study site:

MTD
Y

(b) (4)

60-89 weeks (104 weeks planned)
(b) (4)

Carcinogenicity Study Report Date:
Date of first dose:
Mouse Strain:
Route:
Vehicle:

Dosing Comments: [e.g., dose adjustments,
early termination]

Doses and numbers of animals:
Dose (mg/kg/day)
Control (Saline)
Control (Vehicle)
Low
Mid
High

0
0
0.1
0.5
2.5

December 9, 2009
March 23, 2006
CD-1 (Crl:CD-1(ICR)) mice
oral gavage
Vitamin E TPGS (d-alpha-tocopherol polyethylene
glycol 1000 succinate), Medium Chain triglyceride oil,
(b) (4)
Tween 40, and ethanol in a
solution
Discontinuation of dosing for the high dose
males and females at week 60 followed by a
non-dosing period through the day prior to
the scheduled necropsy.
Termination of study during weeks 82-89
o Males in the 3 and 30 mg/kg/day groups
were euthanized during Weeks 82 and 80,
respectively
o Due to decreased survival in the vehicle
control group, all surviving animals were
euthanized during Weeks 88-89.

Male
0
0
3
10
30

Basis for Doses Selected (MTD;
AUC ratio; saturation; maximum feasible):

Female
0
0
3
10
30
MTD
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Prior FDA execCAC Dose Concurrence?
(y/n; Date):

Y,

Mouse Carcinogenicity Conclusion:
[negative; positive;M;F]

(b) (4)

Positive in males and females for malignant
lymphoma.
Voclosporin treatment resulted in an increase in
malignant lymphoma in males and females 8.33%
(5/60) and 18.8% (8/54) at the high dose
exceeding the mean incidences of historical
controls.
The high dose also resulted in an increase in
mortality that lead to discontinuation of dosing at
week 60.
Vehicle-related reductions in survival occurred in
males and females compared to saline controls.

Mouse Tumor Findings (details): [Table
including only clearly drug-related
statistically significant (trend and pairwise)
findings according to FDA statistical review.
Include historical control data as needed.]
Significant Mouse Tumor Incidences
Dose
Saline
Vehicle
mg/kg/da
control control

Low
3

Med
10

High
30

Male

Malignant
lymphoma

2

3

0

2

7

Female

Malignant
lymphoma

8

3

7

2

13

Mouse Study Comments:

Comment
Dose response p=0.0010
Pairwise,
veh vs H: p=0.0221
Dose response p<0.001
Pairwise
veh vs H: p=0.0227

Neoplasms were graded according to the Peto scale
(Peto et al 1980) and not by severity. There was no
formal peer review of histopathology.
Common tumors were defined as those with a
spontaneous rate of 1% or more in the concurrent
(b) (4)
saline control group and/or the
historical control database.
Rare tumors were defined as those with a
spontaneous rate of less than 1% in the concurrent
(b) (4)
saline control group and/or the
historical control database.
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5.1.4

Reproductive and Developmental Toxicology

Fertility studies in males and female rats found that doses of mix-ISA247 up to 25 mg/kg/day
had no effect on male fertility and did not interfere with reproductive ability or early embryonic
development in rats.
In the embryofetal development study in rats mix-ISA247 at the high dose of 25 mg/kg/day
resulted in reduced litter size and numbers of viable pups due to an increase in both early and
late resorptions and deaths. Slightly decreased fetal weights and delayed ossification of
metatarsals compared to controls occurred in the same 25 mg/kg/day dose group. The
developmental NOAEL was 10 mg/kg/day. In the rabbit embryofetal developmental study, litter
size was reduced due to increased fetal resorptions and deaths that occurred at 20 mg/kg/day.
Decreased placental weights fetal body weights at doses of 10 and 20 mg/kg/day. Reductions of
ossification sites in the metacarpal bones occurred at 20 mg/kg/day. The developmental NOAEL
was 2 mg/kg/day. There were no effects of mix-ISA247 on the incidences of malformations or
variations, and therefore the drug substance was not teratogenic. Voclosporin was also tested
for embryofetal toxicity in rabbits with comparable results to mix-247. There were increases in
resorptions at 20 mg/kg/day, however litter size was unaffected. Decreased fetal body weights
and delayed ossification occurred at doses of 5 and 20 mg/kg/day, with a NOAEL dose of 1
mg/kg/day. There were no effects of voclosporin on the incidences of malformations or
variations.
In the prenatal and postnatal development study rats administered 25 mg/kg/day of mixISA247 had dystocia noted as prolonged parturition, that resulted in reductions in the mean
number of total pups delivered, number of liveborn pups, and surviving pups per litter. The
NOAEL for delivery and pup survival was 10 mg/kg/day. There were no effects on growth,
reaching developmental milestones, neurobehavioral development, or reproduction and
fertility of the F1 generation. There was no effect on fetuses of the F2 generation.
A placental and milk transfer study with 14C-voclosporin in rats found that radioactivity was
present in fetal blood and tissues at low levels and was transferred into milk of lactating dam
also at low levels compared to maternal blood concentrations (data from this study is
presented in the ADME/PK section).
A juvenile animal study in the rat found that similar toxicities were observed in rats dosed with
voclosporin for 10 weeks starting at day 28 as found for adult rats. There were no new toxicities
identified. There were no effects on sexual maturation or behavior and learning assessments.
At the end of the study, voclosporin exposure was similar to that of adult rats for these dose
levels.
Refer to the Review of
the complete study reviews.

(b) (4)

in the Appendix to the Pharmacology-Toxicology Section for
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Fertility
Oral (Gavage) Fertility and General Reproduction Toxicity Study of ISA TX247 in Rats
(Study ISA02-02)
Key Study Findings
There were no effects of ISATX247 at doses up to 25 mg/kg/day on male and female
fertility assessments and parameters. For the fertility NOAEL of 25 mg/kg/day, the
corresponding AUC0-24hr exposures were 13623 ng-hr/mL in males and 7669 ng-hr/mL in
females.
There were no adverse signs of toxicity from ISA TX247 in females up to 25 mg/kg/day,
but males at this dose had decreased body weights, swollen snout, localized alopecia of
the limbs, and swollen forepaw digits.
Conducting laboratory and location
GLP compliance:
Methods
Dose and frequency of dosing:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

Deviation from study protocol
affecting interpretation of results:

(b) (4)

Yes
0 (saline), 0 (vehicle), 2.5, 10, and 25
mg/kg/day, once daily
Oral gavage
Vitamin E-TPGS/MCT oil/Tween 40/ (b)
(4) %
ethanol
Rats, Crl:CD®(SD)IGS BR VAF/Plus®
25/sex/dose
6 rats/sex/dose for 2.5, 10 and 25 mg/kg/day
for toxicokinetic evaluation
Males dosed once daily beginning at 49 days
before cohabitation and continuing for 69 days
of treatment. Female rats were administered
the test article, vehicle or saline control once
daily beginning 15 days before cohabitation
and continuing through day 7 of gestation.
Females were sacrificed on Gestation day 13,
males were sacrificed at the end of dosing.
None

Observations and Results
Parameters
Mortality

Major findings
4 unscheduled deaths, 2 due to gavage error
0 (vehicle) mg/kg/day
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Clinical Signs

Body Weights

Necropsy findings
[Mating/Fertility Index, Corpora
Lutea, Preimplantation Loss,
etc]

o 1 females on day 7, due to gavage error
10 mg/kg/day
o 1 male in the was found dead on day 46,
26 min after dosing, with unknown cause
of death.
25 mg/kg/day
o 1 female on day 17, moribund sacrifice due
to gavage error
o 1 male in the 25 mg/kg/day dose group
was sacrificed due to moribund condition
on dosing day 57, cause of death related to
dentition problems, loss of weight and liver
lesions (tan and black areas)
No ISATX247-related effects occurred in females.
In males, increased incidences of soft or liquid feces and
excess salivation occurred all groups including the vehicle
controls. In the 25 mg/kg/day male group findings were
swollen snout, localized alopecia of the limbs, swollen
forepaw digits and urine-stained abdominal fur.
Body weights of male rats were reduced by ~10% in the 25
mg/kg/day dose group on study days 8-64, and remained
significantly reduced through termination. Body weights
were significantly increased ~5% in the 10 mg/kg/day male
dose group for the entire study period. There were no
effects in females.
Males: There were no effects on sperm motility and
counts. There were no effects on mating or reproductive
performance.
Females: There were no effect on estrous cycles, mating
and fertility parameters. There were effects on caesareansectioning parameters, including the number of corpora
lutea.

Embryo-Fetal Development
Oral (Gavage) Developmental Toxicity Study of ISATX247 in Rats (Study ISA01-12)
Key Study Findings
Fetal toxicity occurred at doses that did not cause significant maternal toxicity. The
developmental NOAEL was 10 mg/kg/day (corresponding to an AUC
of 6240 nghr/mL) due to increased number of resorptions, percent dead or resorbed conceptions
per litter and the total number of early and late resorptions and decreases in the
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number of live fetuses at 25 mg/kg/day. Fetal body and placental weights were also
reduced at this dose.
There was not an increased incidence of ISA TX247-related malformations or variations
compared to controls or historical controls. Delayed ossification of metatarsals was
marginally observed in fetuses at 25 mg/kg/day.
Parameters
Mortality
Clinical Signs

Body Weights

Necropsy findings
Cesarean Section Data

Necropsy findings
Offspring

Major findings
There were no unscheduled deaths
Increased numbers of rats with scant feces, excess
salivation, urine-stained abdominal fur and alopecia in the
2.5, 10, and 25 mg/kg/day dose groups compared to
controls and red perioral substance was observed in the
25 mg/kg/day dose group
Body weight gain was significantly reduced 19.6% in the 25
mg/kg/day dose group. However, corrected for gravid
uterine weight, which was reduced by 21% in this dose
group, there was no effect on maternal weight or weight
gain.
Effects were only found in the high dose group, 25
mg/kg/day. The number of dams with any resorption, the
total number of resorptions, the percent dead or resorbed
conceptuses per litter and the total number of early and
late resorptions was increased 3-fold in the 25 mg/kg/day
dose group compared to the vehicle control group. Fetal
addition, the litter size and the number of live fetuses
were significantly decreased (14.7 ± 2.9 vs. 11.8 ± 4.1, and
14.7 ± 2.9 and 11.7 ± 4.2, respectively). There were no
effects on the sex ratio of fetuses. The number of corpora
lutea was not affected.
There was no effect of ISATX247-on external, soft tissue, or
skeletal malformations or variations. Delayed ossification
was noted in the metatarsals in the 25 mg/kg/day dose
group (4.74 ± 0.26 in controls vs. 4.53 ± 0.32 at 25
mg/kg/day)., but this is not considered toxicologically
relevant since ossification eventually occurs, just later than
in controls

A Study of the Effects of Trans-ISA247 on Embryo/Fetal Development in Rabbits
(Study ISA04-05)
Key Study Findings
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The maternal NOAEL was 10 mg/kg/day based on decrease in body weight, body weight
gain, and food consumption at 20 mg/kg/day.
There were slight increases in numbers of early and late resorptions in the 20
mg/kg/day group, although numbers of viable fetuses were unaffected.
The NOAEL for fetal toxicity was 1 mg/kg/day due to decreases in fetal body weight and
delayed ossifications at 5 and 20 mg/kg/day. The AUC all exposures at this dose was 8.1 ±
7.4.ng-h/mL.
(b) (4)

Conducting laboratory and location:
GLP compliance:
Methods
Dose and frequency of dosing:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:
Deviation from study protocol
affecting interpretation of results:

Yes
0 (vehicle), 0 (saline), 1, 5, and 20 mg/kg/day,
of trans-ISA247 (an early voclosporin lot),
administered once daily
Oral gavage
Oil based vehicle Vehicle-ISA247 (composition
not specified)
Rabbits, New Zealand White
22
4 females/dose group for TK analysis on GD-6
and 18
Treatment on gestation days 6 -18, followed by
necropsy on gestation day 29.
None

Observations and Results
Parameters
Mortality

Major findings
Gavage errors accounted for 1 death in the 20 mg/kg/day
group on gestation day 12, the litter consisted of 10
embryos that appeared normal for their stage of
development.
One doe in the saline control group was found dead on GD
22 with an unknown cause of death. Another doe in the
saline group was euthanized in extremis on GD 22
following 10 days of weight loss and reduced food
consumption. A trichobezoar was found at necropsy that
likely accounted for the effects.
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Clinical Signs

Body Weights

Necropsy findings
Cesarean Section Data
Necropsy findings
Offspring

An increase of soft stools and brown material on various
body surfaces occurred in the 20 mg/kg/day group
compared to other group including controls. The finding of
soft stool was present over the course of dosing and was,
in part, due to the vehicle.
Mean body weight gain increased in the 20 mg/kg/day
group, from GD 6-19, resulting in increased mean body
weight a 58% higher body weight compared to vehicle
controls on GD-19. However, gravid uterine weight was
significantly decreased in this group compared to vehicle
controls which was attributed to reduced fetal weights.
There were no effects on body weight or weight gain in
the 1 and 5 mg/kg/day dose groups.
There was a dose-related reduction in mean fetal weights
in the 5 and 20 mg/kg/day groups compared to controls,
but no effect in the 1 mg/kg/day group. There were no
effects on other parameters assessed.
Post-implantation loss was slightly increased in the 20
mg/kg/day group, which was primarily attributed to an
increase of late resorptions (possibly within the historical
range). However, there were no effects on numbers of
viable fetuses. An increase in unossified bones (sternebrae
and hyoid body or arches) occurred in the 5 and 20
mg/kg/day dose group. These effects were associated with
reduced mean fetal body weights and probably a result of
developmental delay. There were no effects of transISA247 on the incidence of malformations or variations.

Oral (Stomach Tube) Developmental Toxicity Study of ISATX247 in Rabbits
(Study ISA01-13)
Key Study Findings
ISATX247 administered to pregnant rabbits at 10 and 20 mg/kg/day resulted in a
decrease in the number of implantations and a reduction in the number of live fetuses
and reduced fetal weights. There was an increase in both early and late resorptions at
the 20 mg/kg/day dose. Delayed ossifications were observed at 20 mg/kg/day. The
developmental NOAEL was 10 mg/kg/day corresponding to an AUC exposure of 280 nghr/mL.
The maternal NOAEL was 2 mg/kg/day due to abortions in the 10 and 20 mg/kg/day
dose groups. TK analysis was unable to detect ISA TX247 following the GD-18 dose of 2
mg/kg/day, so a corresponding AUC exposure could not be determined. The 20
mg/kg/day dose resulted in reduced body weight and weight gain, feed consumption
and ovarian weight.
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Observations and Results
Parameters
Mortality

Clinical Signs

Body Weights

Necropsy findings
Cesarean Section Data

Necropsy findings
Offspring

Major findings
There were no premature deaths due to ISA TX247.
One doe was found dead on GD-17 thought to be attributed to
gavage error.
There were 3 does that aborted (dose-dependent incidence)
and were sacrificed following abortion, one in the 10 mg/kg/day
group on GD-21, and 2 in the 20 mg/kg dose group on GD-21
and 24. The litter from the doe in the 10 mg/kg/day consisted of
8 dead fetuses, 1 late resorption, and 1 early resorption. The
litter from the 20 mg/kg/day treated doe that aborted on GD-21
had a litter consisting of 9 early resorptions and 1 late
resorption. The other does that aborted on GD-24 had a litter
consisting or 2 dead fetuses, 4 early resorptions and 1 late
resorption. All aborted fetal tissues appeared normal from
these litters.
Red substance in the cage pan and/or fetuses in the cage pan
were only observed for does undergoing abortion. Soft/liquid
feces and ungroomed coat were seen in all dose groups, with
the incidence of soft/liquid feces increasing in the 2 mg/kg/day
and higher dose group.
Increased terminal body weight occurred in the 20 mg/kg/day
dose group. This group had significantly reduced paired ovarian
weight compared to controls. During dosing, both the 10 and 20
mg/kg/day groups had initial reduced body weight gain,
followed by increase weight gain from GD-12 onward, resulting
in a 3-6% increase on GD-29 compared to controls. Gravid
uterine weight was significantly reduced in both dose groups
(decreased 20% and 39%, respectively). This resulted in an
increase in corrected body weight (6% and 12% for the 10 and
20 mg/kg/dose groups, respectively) on GD-29. There was no
effect in the 2 mg/kg/day dose group.
For the 20 mg/kg/day dose group, there was a high incidence of
does with resorptions, high total number of resorptions,
percent dead or resorbed conceptuses per litter and total early
and late resorptions. This significantly reduced the litter size
and number of live fetuses.
Placental weight and fetal body weight were reduced. In the 10
and 20 mg/kg/day groups compared to controls. Other
parameters were not significantly different.
There were no ISATX247-related malformations or variations
in any group. The number of ossification sites were reduced
only for metacarpals in the 20 mg/kg/day group.

Prenatal and Postnatal Development
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Oral (Gavage) Developmental and Perinatal/Postnatal Reproduction Toxicity Study of
ISATX247 in Rats, Including a Postnatal Behavioral/Functional Evaluation
(Study ISA02-03)
Key Study Findings
The 25 mg/kg/day dose caused mortalities that were attributed to dystocia (prolonged
parturition). The maternal NOAEL was 10 mg/kg/day with a corresponding AUC 0-24hrs of
2392 ng-hr/mL.
The developmental NOAEL was also 10 mg/kg/day. The 25 mg/kg/day dose resulted in a
reduction in the number of litters (due to the effects on parturition in dams) and a
reduction in the number of live fetuses and total pups delivered. Mean pup body weight
was increased due to decreased litter size.
For surviving pups in the F1 generation, there were no effects on behavioral, reproductive,
and developmental assessments with doses of ISA TX247 up to 25 mg/kg/day (AUC0-24hrs =
14504 ng-hr/mL).
Conducting laboratory and location:
GLP compliance:
Methods
Dose and frequency of dosing:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:
Deviation from study protocol
affecting interpretation of results:
Observations and Results
Generation
F0 Dams
Mortality

(b) (4)

Yes
0, 2.5, 10, and 25 mg/kg/day, once daily on
gestation days (GD) 6 through lactation day
(LD) 20
Oral gavage
Vitamin E-TPGS/MCT oil/Tween 40/ (b)
(4) %
ethanol
Rat, Crl:CD®(SD)IGS VAF/Plus®
25
6 females/dose group for TK analysis
Standard Segment III design
No

Major Findings
There were no premature deaths. One female in the 2.5
mg/kg/day group died on lactation day 2 attributed to a
dosing gavage error.
A significantly increased number of dams in the 25
mg/kg/day group were sacrificed during parturition due to
incomplete delivery affecting 12 dams on GD-27 to 31.
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Clinical Signs

Body Weights
Necropsy findings
Cesarean Section Data

F1 Generation:

F2 Generation

In the 25 mg/kg/day TK satellite group, one dam was
found dead on GD-26 and three dams were sacrificed due
to moribund condition on GD-28 or 31.
An increased incidence of red and/or brown substance in
the vaginal and/or perivaginal areas, pale mucous
membranes, soft or liquid feces, dehydration and
emaciation in the 25 mg/kg/day dose group. Other
observations were seen only in the 25 mg/kg/day group:
were excess salivation, abdominal extension, urine-stained
fur, ataxia, impaired righting reflex and decreased motor
activity.
There were no effects on body weight.
Uterine content:
Mean number of total pups delivered, surviving pups per
litter, and the number of liveborn pups was significantly
reduced in the 25 mg/kg/day dose group (17%, ~15%, and
17%, respectively). Pup body weight was increased (1317%) on lactation days 1 to 21 in the 25 mg/kg/day group
compared to the saline controls
Findings seen only in dams that had prolonged parturition
included adhesions of the uterus, ruptured right uterine
horn, and thick uterine walls.
One pup in the 10 mg/kg/day group and 3 pups in the 25
mg/kg/day group had umbilical hernias.
There were no premature deaths of the offspring due to
maternal exposure of ISATX247.
There were no effects of maternal ISATX247 treatment on
F1 body weights or food consumption.
There was no effect on physical development milestones.
No effects were observed for cognition or learning as
evaluated in the passive avoidance and water maze tests.
No effects were observed for sexual maturation or
reproductive performance.
No effects for average corpora lutea, implantations, litter
sizes, resorptions, percent male fetuses, percent resorbed
conceptuses, fetal body weights and the number of dams
with resorptions following mating of F1 females.
There were no test article effects in the F2 generation
including litter size, fetal weights and male/female ratios.
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Juvenile Animal Study
(b) (4)
A 10-Week Oral (Gavage) Repeated-Dose Toxicity Study in Juvenile
Voclosporin (
Sprague-Dawley Rats Followed by a 5-week Recovery Period
(Study HV00003)
(b) (4)
Refer to IND
Pharmacology-Toxicology Review of Juvenile Animal Study, January 28,
2020 located in the Pharmacology-Toxicology Appendix for the complete review of this study.

Key Study Findings:
Voclosporin could not be dosed to rat pups prior to weaning because an interaction of
the drug formulation with milk in the stomach of the pups resulted in mortality.
Dosing was therefore initiated at 28 days of age and continued for 10 weeks to week 14
of age.
The toxicity response of juvenile rats administered voclosporin for 10 weeks from the
ages of 4 weeks (28 days) to 14 weeks (101 days) was similar to the toxicity response of
adult rats administered voclosporin daily for 13 or 26 weeks. No new toxic effects were
evident.
Voclosporin exposure in juvenile rats at week 14 of age after 10 weeks of dosing was
comparable to that in adult rats following repeat dosing. Exposure on day 1 of dosing
(day 28 of age) was tentatively up to 2-3-times greater than at week 14 of age, a
conclusion limited by the few samples collected.
Table 3. Histopathology Summary Table
Sex
Dose (mg/kg/day)

M
F
0 (water)

AUC (ng-h/mL)
PND 63
N main
N recovery

M
F
0 (vehicle)

M
1.25

F
2.5

M
2.5

F
5

M
5

F
10

306

378

812

795

1687

2879

5
5

5
5

4
5

5
5

5
5

5
5

5
5

5
5

4
5

5
5

0

0

0

0

-

-

-

-

0

1

Severity
Brain
Vacuolation,
neuropil
Recovery

Kidney
Fibrosis, bilateral,
multifocal
Fibrosis,
Unilateral, focal
Recovery
Mineralization,
corticomedullary

mild

0
minimal

1

minimal

1
2

1

1
2
3
1

mild
moderate
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junction, bilateral,
widespread
Recovery
Mineralization,
corticomedullary
junction, unilateral,
multifocal focal

mild
moderate

1
2

mild

1
0

Recovery multifocal,
focal
Moderate
unilateral, focal
mild
Mineralization,
mild
cortex, multifocal
Dilation; tubular;
mild
unilateral; focal,
Infiltration,
mild
Mononuclear Cell;
focal
Lymph Node, Mesenteric
Depletion, lymphoid
mild

Recovery
Nerve, Sciatic
Infiltration;
lymphocytic;
multifocal
Thymus

1

1
1

1
1

mild

Congestion;
minimal
multifocal
Recovery
minimal
Vacuolation; cortical; minimal
multifocal
mild
Recovery
minimal
- Not examined
Blank cells – no findings observed

1
1

1

-

-

-

-

1

-

-

-

-

1

-

-

-

-

1

1

1
1
1
0
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5.1.5

Other Toxicology Studies

Impurities: Determination of Mutagenicity
Impurities from the manufacture of voclosporin were described by reference to the Lonza Type
II Drug Master File 033779 with a Letter of Authorization allowing the FDA to review this
information. A 2009 (Q)SAR analysis (Study ISA09-28) for structural alerts of 3 impurities
detected no structural alerts for mutagenicity. Later analysis of 20 structures (Study AUR-VDS2019-01) including voclosporin-related impurities and their isomers as well as starting
materials used the Leadscope in silico Model Applier 2.4.1-36 (2019) software program that
includes both expert rule and statistical-based models as recommended in ICH-M7(R1)
guidance. This analysis found no structural alerts for all 20 impurities. These substances were
classified as Class 5 compounds and treated as non-mutagenic impurities.
Computational Assessment of Genotoxicity of Voclosporin and Three Related
Substances with MC4PC (Study ISA09-28)
A computational assessment was conducted to evaluate the genotoxic and clastogenic
(b) (4)
potential of voclosporin, and 3 related impurities,
. The evaluation consisted of testing the compounds against MC4PC
modules built for genetic toxicity (Ashby’s alerts modules and FDA GeneTox set). While
there was a lack of structural similarity (out of domain) over portions of the tested
molecules to compounds in the database, the compounds lacked evidence of mutagenic
structural alerts. The presence of impurities in toxicity studies were also examined for
potential qualification at proposed specification acceptance criterion that ranged up to
(b) (4)

Impurities: Specifications and Qualifications (refer to the two following tables)
For determining acceptance specification of impurities, the Applicant stated that ICH Q3A and
(b) (4)
ICH Q3B guidelines do not strictly apply to voclosporin
The sponsor
(b) (4)
proposed a qualification threshold of NMT % which was agreed upon by the Agency during
(b) (4)
the review of
in correspondence dated April 5, 2010. To support the specifications
in the current NDA, the Applicant examined impurity levels in toxicity studies and determined
that the impurities were qualified by these studies. Since many of the toxicity studies had no
NOAEL values or NOAELs at lower dose levels that contained lower levels of an impurity, this
added complexity to the qualification. However, comparing studies lacking or containing low
levels of an impurity often resulted in similar findings that those with high levels of the
impurity, one could conclude the impurity did not contribute to the toxicity or at least did not
exacerbate a toxicity. For example, the Applicant concludes that no adverse toxicity findings
related to voclosporin occurred in Study ISA04-08. However, high dose males had an increased
incidence in the severity of chronic progressive nephropathy. This finding was accompanied
with a slight increase in mean BUN, creatinine, ALP, and potassium. The reviewer agrees,
however, that the findings were not related to the presence of the impurity as these were
consistent with findings in the general toxicology studies where the impurity was not present or
(b) (4)
present at lower levels. An additional impurity, not listed in the table,
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has been observed at a level of
produced using
(b) (4)

(b) (4)

% only in voclosporin clinical drug substance batches
(b) (4)
The acceptance criterion for this impurity
(b) (4)

specifications were determined to be appropriate and are summarized in the following tables.
In the Applicant’s Table 2 below from Module 3.2.S.3 Characterization, studies associated with
blue circles (Reviewer added) were used to qualify the elevated impurity level indicated in red
circles (Reviewer added).
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Table 2 Voclosportn Batch Analysls Data for Related Substances for Batches used In Toxldty Studies
(b) (4)

In the following Applicant's Table 3 from Module 3.2.S.3 Characterization, the proposed impurity acceptance criterion is presented
and determined qualified and acceptable based on levels present in toxicity studies in Table 2 above.
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Table 3 On•rYiew of Toxicology Studies used to Qualify the Specified Impm·ities and the Proposed Respecth-e Acceptance
Criteria
(b) (4)
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Excipient: Ethanol
Dehydrated alcohol (ethanol) is an excipient in the voclosporin capsules (21.57 mg/7.9 mg
(b) (4)
voclosporin capsule. It is used as a
The daily oral intake of ethanol would be 129.42 mg for
the recommended dose of 23.7 mg voclosporin BID. While this is approximately 100-fold less
than a “standard” alcoholic drink (approximately 14 grams of alcohol,
rethinkingdrinking.niaaa.nih.gov), no safe amount has been established during pregnancy and
the prescribing information mentions this safety concern in pregnancy
https://www.cdc.gov/ncbddd/fasd/alcohol-use.html
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6 Clinical Pharmacology
Executive Summary
Aurinia submitted NDA 213716 on May 22, 2020 seeking the marketing approval for
voclosporin for the treatment of patients with lupus nephritis (LN). Voclosporin is claimed to be
a calcineurin-inhibitor immunosuppressant.
The proposed commercial voclosporin drug product is formulated as 7.9 mg softgel capsule for
oral administration. The proposed dosing regimen is 23.7 mg twice daily (BID) without food.
NDA 213716 consists of nineteen clinical studies, including sixteen Phase 1 studies, two Phase 2
studies, and one Phase 3 study. Fifteen in-vitro study reports were submitted characterizing
protein binding, metabolism, and drug-drug interaction (DDI) potential. In addition, population
pharmacokinetic (PK), and physiological-based pharmacokinetic (PBPK) reports were submitted.
(b) (4)
Since most Phase 1 and in-vitro study reports were previously submitted
and have been reviewed by the Agency already, individual study
review will only be provided for newly submitted studies in NDA 213716. See Table 6 and
section 17.4.3. for details.
Results from Phase 2 dose finding study AURA-LV showed that voclosporin 23.7 mg BID was
effective in achieving complete remission in subjects with active LN at Weeks 24 and 48, with
numerically better complete remission rates compared to the voclosporin 39.5 mg BID arm.
Therefore, voclosporin 23.7 mg BID dosing regimen was selected in the Phase 3 study AURORA
1. Results from Phase 2 and Phase 3 studies and exposure-response analysis for efficacy and
safety support the proposed 23.7 mg BID dosing regimen as it provides the optimal benefit-risk
balance in patients with LN.
A dedicated clinical drug interaction study is requested to be conducted under post-marketing
commitment (PMC) to evaluate the effect of voclosporin as a perpetrator when coadministered with substrates of OATP1B1 (Table 4).
The Office of Clinical Pharmacology, Division of Inflammation and Immune Pharmacology
(OCP/DIIP) and Division of Pharmacometrics (DPM) have reviewed the clinical pharmacology
package supporting NDA 213716. This NDA is approvable from a clinical pharmacology
perspective.
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Table 4. Clinical Pharmacology Post-Marketing Commitment
PMC/ Key Issue(s)
PMR to be
Addressed
PMC

Determination
of appropriate
dosing
strategies of
OATP1B1
substrates due
to potential
drug
interactions

Rationale

Key Considerations for Design
Features

The in vitro OATP1B1 inhibition
assessment and PBPK analysis submitted
in NDA 213716 were not conducted
appropriately and the inhibition effect of
voclosporin on OATP1B1 transporter
may be significantly underestimated.
Since OATP1B1 substrates (e.g., statins)
are common co-medications in lupus
nephritis population, coadministering
voclosporin with substrates of OATP1B1
transporter may increase the exposure
of these substrates which may lead to
an increased risk of adverse reactions of
these substrates. A clinical drug
interaction study is needed to evaluate
the effect of repeat doses of voclosporin
on the pharmacokinetics of substrates
of OATP1B1 to inform the appropriate
dosing strategies of these substrates
when voclosporin is coadministered.
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A drug-drug interaction study to
evaluate the effect of repeat doses of
voclosporin 23.7 mg BID on the
pharmacokinetics of a transporter
substrate of OATP1B1, assess the
magnitude of exposure change, and
inform appropriate dosing strategies
for coadministration of voclosporin
with OATP1B1 substrates. Design and
conduct the study in accordance with
the FDA Guidance for Industry titled:
“Clinical Drug Interaction Studies Cytochrome P450 Enzyme and
Transporter- Mediated Drug
Interactions”. Submit the datasets with
final report. The results from this study
may inform product labeling.
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Summary of Clinical Pharmacology Assessment
The key issues identified during the clinical pharmacology review are listed in Table 5.
Table 5. Key Issues Identified in the Review Process
Review Issue

Recommendations and Comments
The phase 2 randomized, double-blind, placebo-controlled study AURA-LV evaluated two
doses (23.7 mg BID and 39.5 mg BID) for a total of 48-week treatment duration. A
statistically significant benefit of voclosporin over placebo was seen for complete remission
at 6 months and at 1 year in the 23.7 mg BID voclosporin group. The higher dose arm (39.5
mg BID) did not achieve better efficacy compared to the lower dose arm (23.7 mg BID).

Efficacy and
safety

General dosing
instructions

Key safety issues noted during the review were nephrotoxicity and increase in blood
pressure, both demonstrated dose/exposure-safety relationship. In addition, dosedependent QT prolongation effect was observed after single doses of voclosporin at 0.5
mg/kg, 1.5 mg/kg, 3.0 mg/kg, and 4.5 mg/kg, however, in a separate multiple dose study, an
absence of large mean increases (i.e., > 20 msec) was observed following 7 days of
treatment with voclosporin at 0.3 mg/kg, 0.5 mg/kg and 1.5 mg/kg BID (approximately 6-fold
coverage of the therapeutic exposure). Refer to the clinical and QT-IRT reviews by Dr. Keith
Hull and Dr. Nan Zheng, respectively, for more details.
The Applicant proposed that voclosporin should be taken on an empty stomach. This is
mainly supported by the registration trials AURA-LV and AURORA 1, in which voclosporin
was administered on an empty stomach. Results from a dedicated food effect study ISA0402 suggested that co-administration of voclosporin with food decreased both the rate and
extent of absorption, supporting that voclosporin should be taken without food. In Study
ISA04-02, with high-fat meal, Cmax and AUC of voclosporin were reduced by 53% and 25%,
respectively; with low -fat meal, Cmax and AUC of voclosporin were reduced by 29% and
15%, respectively. Study ISA04-02 is considered supportive since it was conducted with the
(b)
mg/mL oral solution instead of the to-be-marketed formulation.
(4)
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Review Issue

Dosing in patient
subgroups
(intrinsic factors)

Recommendations and Comments
Following administration of voclosporin in volunteers with mild hepatic impairment (ChildPugh A) and moderate hepatic impairment (Child-Pugh B), voclosporin AUC increased
approximately 1.8 and 2 fold, respectively. At the time of NDA submission, the Applicant did
not propose dose adjustment in subjects with mild and moderate hepatic impairment.
However, during the review cycle, the FDA raised concern regarding the potential safety
issues at 1.8 to 2 fold voclosporin exposure in patients with mild and moderate hepatic
impairment. Dose reduction to 15.8 mg BID is recommended in subjects with mild and
moderate hepatic impairment.

Following administration of voclosporin in volunteers with mild and moderate renal
impairment, voclosporin Cmax and AUC were similar compared to volunteers with normal
renal function, while voclosporin Cmax and AUC increased 1.46- and 1.74-fold, respectively, in
volunteers with severe renal impairment. No adjustment is recommended for the starting
dose in patients with mild or moderate renal impairment. Use of voclosporin is not
2
unless the benefit
exceeds the risk. If used in patients with severe renal impairment at baseline, the
recommended starting dose is 15.8 mg twice a day. Due to nephrotoxicity, kidney function
was monitored by eGFR after initiating therapy (see section 8 for details), and dosing
adjustments should follow the recommendations outlined in the labeling.
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Review Issue

Recommendations and Comments
Voclosporin is a CYP3A4 substrate. Verapamil, a P-gp and moderate CYP3A4 inhibitor,
increased voclosporin exposure by 2.71-fold for AUC and 2.08-fold for Cmax (Study (b) (4) 07).
(b) (4)
The applicant proposed
while patients are taking moderate
CYP3A4 inhibitors concomitantly. Based on a PBPK model for co-administration with
fluconazole (moderate CYP3A4 inhibitor), voclosporin exposure increased by 2 fold for AUC
and 1.35 fold for Cmax for the 15.8 mg BID dose, while the voclosporin exposure increased by
1.47 fold for AUC and 1.18 fold for Cmax for the 15.8 mg AM and 7.9 mg PM daily dose (Refer
to the PBPK review by Dr. Ying-Hong Wang). Therefore, the 15.8 mg AM and 7.9 mg PM daily
dose is recommended to be co-administered with moderate CYP3A4 inhibitors. Avoid food
or drink containing grapefruit when taking voclosporin.

No dedicated drug-drug interaction study was conducted to assess the concomitant use with
moderate CYP3A4 inducers. Based on a PBPK model for co-administration with efavirenz
(moderate CYP3A4 inducer), voclosporin exposure decreased by 70% for AUC and 62% for
(b) (4)
Cmax (Refer to the PBPK review by Dr. Ying-Hong Wang)
Dosing in patient
subgroups
(extrinsic factors)

Therefore,
voclosporin is not recommended to be co-administered with moderate and strong CYP3A4
inducers.
Voclosporin is a P-gp inhibitor. Co-administration of voclosporin increases exposure of P-gp
substrates, which may increase the risk of adverse reactions of these substrates. For certain
P-gp substrates with a narrow therapeutic window, reduce the dosage of the substrate as
recommended in its prescribing information, if needed.

Labeling
Bridge between
the to-bemarketed and
clinical trial
formulations

Even though the applicant concluded negligible effect of voclosporin on OATP1B1/3
substrates based on the in vitro OATP1B1 inhibition studies and PBPK modelling. Those
analyses are inadequate to evaluate the effects of voclosporin on OATP1B1/3 substrates and
the effect the inhibition effect of voclosporin on OATP1B1 transporter may be significantly
underestimated (Refer to the PBPK review by Dr. Ying-Hong Wang). A dedicated clinical drug
interaction study is required to evaluate the effect of voclosporin on the pharmacokinetics
of substrates of OATP1B1.
Recommendations reflected in the final labeling.
The to-be-marketed formulation (7.9 mg softgel capsules) was used in the pivotal trials
AURA-LV and AURORA 1. For the initial phase 1 studies, the (b)
mg/mL oral solution
(4)
(b)
formulation, and two softgel capsules contain (b)
mg
and
mg
of voclosporin were used.
(4)
(4)
Study ISA04-01 was conducted to demonstrate the bioequivalence between the oral
solution ( (b)
mg/mL) and the softgel capsules (b)
mg) under fasted condition.
(4)
(4)

Source: Reviewer’s summary of clinical pharmacology data submitted in NDA 213716.
Abbreviations: AUC, area under the curve; C max, maximum concentration; CYP, cytochrome P450; PK, pharmacokinetics; BID, two times daily;
QT-IRT, QT-Interdisciplinary Review Team

Pharmacology and Clinical Pharmacokinetics
6.2.1.1.

Pharmacokinetics

Voclosporin exposure (Cmax and AUC) increases in a greater than dose-proportional
manner over the therapeutic range. With a twice daily dosing regimen, voclosporin
achieves steady-state after 6 days and the accumulation is approximately 2-fold.
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The median time to the Cmax (Tmax) of voclosporin when administered on an empty
stomach is 1.5 hours (range 1 to 4 hours). Co-administration of voclosporin oral solution
formulation with either low- or high-fat meals decreased both the rate and extent of
absorption. With a high-fat meal, C max and AUC were reduced by 53% and 25%,
respectively. In the phase 2 and phase 3 studies, voclosporin was taken on an empty
stomach to ensure adequate absorption.
Voclosporin is 97% bound to plasma proteins. Voclosporin partitions extensively into red
blood cells and distribution between whole blood and plasma is concentration and
temperature dependent. Incubated voclosporin at 37 °C for 1 hour resulted in blood-toplasma ratios of 1.3 to 2.0.
The mean terminal half-life (t1/2) of voclosporin at steady-state is approximately 30
hours (range: 24.9 to 36.5 hours).
Voclosporin is mainly eliminated by hepatic metabolism, predominantly by CYP3A4 to
form oxidative metabolites. Voclosporin is the major circulating component following a
single dose of [14C]-voclosporin. A major metabolite was observed in human whole
blood and represented 16.7% of total exposure. The major metabolite is not expected to
contribute to the pharmacological activity of voclosporin since it was reported as about
8-fold less potent in the lymphocyte proliferation assay.
Following single oral administration of [ 14C]-voclosporin 70 mg, 94.8% of the
radioactivity was recovered by 168 hours post dose: 92.7% was recovered in feces
(including 5% as unchanged voclosporin), and 2.1% was recovered in urine (including
0.25% as unchanged voclosporin).
The influence of body weight (range: 37 to 133 kg), age (range: 18 to 66 years), gender
and race on PK were evaluated using population PK analyses. None was identified as a
significant predictor of voclosporin clearance and volume of distribution. However,
Asian patients were found to have a 26% higher oral bioavailability. The higher exposure
in Asian is not considered to be clinically meaningful.
6.2.1.2.

Pharmacodynamics

Concentration-dependent calcineurin inhibition, measured as the percent of maximum
calcineurin inhibition, was observed after oral administration of voclosporin twice daily in
healthy volunteers. There is little or no lag time between the time to maximum drug
concentration and the time to maximum calcineurin inhibition. The ability of voclosporin to
inhibit calcineurin appears to be dose related up to a maximum dose of 1.0 mg/kg.
Cardiac Electrophysiology
In a randomized, placebo- and active-controlled (moxifloxacin 400 mg), single dose study with
parallel study design, dose-dependent QT prolonging effect was detected with voclosporin in
the dose range of 0.5–4.5 mg/kg (up to 9-fold coverage of the therapeutic exposure). Dosedependent QT prolongation effect was observed with a time to maximum QTc increase
occurring at 4–6-hour postdose across different dose levels. The maximum mean placebo-
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adjusted changes of QTcF from baseline after voclosporin 0.5 mg/kg, 1.5 mg/kg, 3.0 mg/kg, and
4.5 mg/kg dose were 5 msec, 14 msec, 23 msec, and 31 msec, respectively.
In a separate, randomized, placebo-controlled, crossover study in 31 healthy subjects, an
absence of large mean increases (i.e., > 20 msec) was observed following 7 days of treatment
with voclosporin at 0.3, 0.5 and 1.5 mg/kg BID (approximately 6-fold coverage of the
therapeutic exposure).
The mechanism for the QT prolonging effect as observed in the single-dose and multiple-dose
studies is unknown. Refer to the QT-IRT reviews by Dr. Nan Zheng for more details (DARRTS
date 9/22/2020).
General Dosing and Therapeutic Individualization
General Dosing
The Applicant’s proposed dose of voclosporin is 23.7 mg BID without food. This dose is
supported by the totality of the efficacy and safety data. Refer to the clinical review by Dr. Keith
Hull for more details (Section 8). The Applicant proposed that voclosporin should be taken on
an empty stomach. This is mainly supported by the registration trials AURA-LV and AURORA 1,
in which voclosporin was administered without food. Results from a dedicated food effect
study ISA04-02 suggested that co-administration of voclosporin with food decreased both the
rate and extent of absorption, supporting that voclosporin should be taken without food. In
Study ISA04-02, with high-fat meal, Cmax and AUC of voclosporin were reduced by 53% and
25%, respectively; with low -fat meal, Cmax and AUC of voclosporin were reduced by 29% and
(b) (4)
15%, respectively. Due to the noted formulation difference (the mg/mL oral solution instead
of the to-be-marketed formulation) in study ISA04-02, the food effect study provided
supportive evidence.
Therapeutic Individualization
Voclosporin is not recommended to be used in patients with severe hepatic impairment. In
patients with mild and moderate hepatic impairment (Child-Pugh A and Child-Pugh B), the
recommended dose of voclosporin is 15.8 mg BID.
45 mL/min/1.73 m2. No dose adjustment is recommended in patients with mild or
moderate renal impairment. Use of voclosporin is not recommended in patients with a
2
unless the benefit exceeds the risk. If used in patients
with severe renal impairment at baseline, the recommended starting dose is 15.8 mg twice
a day. Due to nephrotoxicity, kidney function was monitored by eGFR after initiating
therapy, and dosing adjustments should follow the recommendations outlined in the
labeling.
Voclosporin is a CYP3A4 substrate. Voclosporin is contraindicated with strong CYP3A4
inhibitors. The dose should be reduced to 15.8 mg AM and 7.9 mg PM daily dose when co-
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administered with moderate CYP3A4 inhibitors. No dose adjustment is recommended when
voclosporin is co-administered with mild CYP3A4 inhibitors. Voclosporin is not
recommended to be co-administered with moderate and strong CYP3A4 inducers.
Outstanding Issues
None.

Comprehensive Clinical Pharmacology Review
General Pharmacology and Pharmacokinetic Characteristics
Nineteen clinical studies provided data on the clinical pharmacology of voclosporin in this NDA
(b) (4)
submission. Since most Phase 1 study reports were previously submitted
and have been reviewed by the Agency
(b) (4)
already, the current review will mainly focus on the additional studies in NDA 213716
(Table 6, Table 7).
Table 6. Clinical Studies Conducted for Voclosporin
Phase

Phase 1

Study Number – Objectives of the Study

New to NDA
213716

Submitted (b)
(4)
Previously

5.3.1 Biopharmaceutic Studies
5.3.1.1 Bioavailability (BA) Study Reports
ISA04-02 – Food Effect

X

5.3.1.2 Comparative BA and Bioequivalence (BE) Study Reports
ISA04-01 – Bioequivalence of Liquid vs. Gelatin Capsule

X

5.3.3 Human Pharmacokinetic (PK) Studies
5.3.3.1 Healthy Subject PK and Initial Tolerability Study Reports
ISA03-10 – Single Ascending Dose

X

ISA03-11 – Single Dose Thorough QT

X

ISA03-12 – Single and Multiple Ascending Dose

X

ISA05-03 – Multiple Dose Thorough QT

X

(b) (4)

05 – Absorption, Metabolism and Excretion

X

5.3.3.3 Intrinsic Factor PK Study Reports
AUR-VCS-2015-J01 – PK, PD, Safety and Tolerability
ISA07-08 – Renal Impairment

X
X
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ISA07-09 – Hepatic Impairment

X

5.3.3.4 Extrinsic Factor PK Study Reports
AUR-VCS-2018-01 (AUR-DDI) – Mycophenolate mofetil DDI

X

ISA07-07 – Midazolam DDI

Phase 2

Phase 3

X

(b) (4)

06 – Ketoconazole DDI

X

(b) (4)

07 – Verapamil DDI

X

(b) (4)

08 – Digoxin DDI

X

(b) (4)

09 – Rifampin DDI

X

5.3.5 Efficacy and Safety Study Reports in Patients
AURION – Open label exploratory efficacy and safety study (23.7
mg BID)

X

AURA-LV – Efficacy and safety study (23.7 and 39.5 mg BID)

X

AURORA 1– Efficacy and safety study (23.7 mg BID)

X

Table 7. Summary of newly submitted clinical studies in NDA 213716
Study ID

Study
Objectives

Study
Design

Formulation

(b) (4)

Study
population

Treatment

Phase 1 Studies
AUR-VCS2015-J01

SAD & MAD
PK study in
Japanese

R, DB, PC,
SAD, MAD

7.9 mg
capsule

HS

SAD: VOC 0.25, 0.5, 1.0, 1.5 mg/kg
(Day 1)
MAD: VOC 0.25, 0.5, 1.0, 1.5
mg/kg BID, (Day 3 - 12)
(n=32, 8 subjects/dose cohort)

AUR-VCS2018-01

DDI with
MMF

MD, OL

7.9 mg
capsule

SLE Patients
(with or
without LN)

VOC 23.7 mg BID 7 days (n=25)

Phase 2 Studies
AURION

Efficacy

AURA-LV

Dose finding

OL, singlearm
R, DB, PG,
PC

7.9 mg
capsule
7.9 mg
capsule

SLE patients
with LN
SLE patients
with LN

VOC 23.7 mg BID (n=10)
VOC 23.7 mg BID (n=89)
VOC 39.5 mg BID (n=88)
PBO (n=88)

Phase 3 Study
AURORA 1

Efficacy and
safety

R, DB, PG,
PC

7.9 mg
capsule

SLE patients
with LN

VOC 23.7 mg BID (n=179)
PBO (n=178)

The clinical pharmacology findings for voclosporin are summarized in Table 8.
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Table 8. Clinical Pharmacology Summary
Pharmacology
Mechanism of Action
Active Moieties

QT Prolongation

Voclosporin is a calcineurin-inhibitor immunosuppressant.
Voclosporin parent drug is the active moiety.
The major metabolite is not expected to contribute to the
pharmacological activity of voclosporin.
In a randomized, placebo- and active-controlled (moxifloxacin 400 mg),
single dose study with parallel study design, dose-dependent QT
prolonging effect was detected with voclosporin in the dose range of
0.5–4.5 mg/kg (up to 9-fold coverage of the therapeutic exposure).
Dose-dependent QT prolongation effect was observed with a time to
maximum QTc increase occurring at 4–6-hour postdose across different
dose levels. The maximum mean placebo-adjusted changes of QTcF
from baseline after voclosporin 0.5 mg/kg, 1.5 mg/kg, 3.0 mg/kg, and
4.5 mg/kg dose were 5 msec, 14 msec, 23 msec, and 31 msec,
respectively.

In a separate, randomized, placebo-controlled, crossover study in 31
healthy subjects, an absence of large mean increases (i.e., > 20 msec)
was observed following 7 days of treatment with voclosporin at 0.3, 0.5
and 1.5 mg/kg BID (approximately 6-fold coverage of the therapeutic
exposure).
The mechanism for the QT prolonging effect as observed in the singledose and multiple-dose studies is unknown. (Refer to QT-IRT review by
Dr. Nan Zhang dated 09/22/2020.)
General Information

Dose Proportionality

Accumulation

Voclosporin demonstrates non-linear pharmacokinetics with greater
than dose proportional increases in AUC and Cmax observed across the
dose range of 0.25 – 1.0 mg/kg. However, the changes in AUC and Cmax
were approximately dose proportional from 1.0 to 1.5 mg/kg (Study
AUR-VCS-2015-J01 and Study ISA03-12).
With a twice daily dosing regimen, voclosporin steady-state is achieved
after 6 days and with approximately 2-fold accumulation (Study AURVCS-2015-J01 and Study ISA03-12).

Absorption

Tmax [oral]
Food effect (voclosporin in oral
solution formulation with a highfat meal) GMR (fed/fasted) (Study
ISA04-02)
Distribution
Volume of Distribution
Plasma protein binding

Blood to plasma ratio

Following oral administration of voclosporin, the median Tmax is 1.5
hours (range 1-4 hours) under a fasted state (Study AUR-VCS-2015-J01).
AUC
Cmax
75%
47 %

A population pharmacokinetic analysis resulted in an apparent volume
of distribution (Vss/F) of 2,154 L in patients (Voclosporin population PK
in LN patients).
Voclosporin is 97% bound to plasma proteins (Study ISA08-29).
Voclosporin partitions extensively into red blood cells and distribution
between whole blood and plasma is concentration and temperature
dependent. Therefore, whole blood was measured for
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pharmacokinetics. Incubated at 37ºC for 1 hour resulted in blood-toplasma ratios of 1.3 to 2.0 (Study ISA09-26).

Elimination
Mean Terminal Elimination halflife

The mean terminal half-life (t1/2) at steady-state is approximately 30
hours (range: 24.9 to 36.5 hours). (Study AUR-VCS-2015-J01, Study
ISA03-12, ISA07-08 and ISA07-09)

Metabolism

Primary metabolic pathway(s)

Inhibitor/Inducer

Voclosporin is mainly eliminated by hepatic metabolism, predominantly
by CYP3A4 to form oxidative metabolites (ISA09-10). Voclosporin is the
major circulating component following a single dose of [ 14C]-voclosporin.
A major metabolite was observed in human whole blood and
represented 16.7% of total exposure. The major metabolite is not
expected to contribute to the pharmacological activity of voclosporin
since it was reported as about 8-fold less potent in the lymphocyte
proliferation assay.
Ketoconazole (strong CYP3A4 inhibitor) increased voclosporin exposure
by 18.55-fold for AUC and 6.45-fold for Cmax (Study (b) (4) 06).
Voclosporin is contraindicated with strong CYP3A4 inhibitors. Verapamil
(P-gp and moderate CYP3A4 inhibitor) increased voclosporin exposure
by 2.71-fold for AUC and 2.08-fold for Cmax (Study (b) (4) 07). The 15.8
mg AM and 7.9 mg PM daily dose is recommended to be coadministered with moderate CYP3A4 inhibitors. Based on a PBPK model
for co-administration with fluvoxamine and cimetidine (weak CYP3A4
inhibitors), voclosporin Cmax and AUC0-12 increased by less than 1.23-fold.
No dose adjustment is needed when voclosporin is co-administered with
weak CYP3A4 inhibitors.
Rifampin (strong CYP3A4 inducer) decreased voclosporin exposure by
87% for AUC and 68% for Cmax (Study (b) (4) 07). No dedicated drug-drug
interaction study was conducted to assess the concomitant use with
moderate CYP3A4 inducers. Based on a PBPK model for coadministration with efavirenz (moderate CYP3A4 inducer), voclosporin
exposure decreased by 70% for AUC and 62% for Cmax (Refer to the PBPK
review by Dr. Ying-Hong Wang). The decreased voclosporin exposure
may result in inefficacious concentrations and consequently decrease
the efficacy. Therefore, voclosporin is not recommended to be coadministered with moderate and strong CYP3A4 inducers.

Excretion

Primary excretion pathway

Following single oral administration of [14C]-voclosporin 70 mg, 94.8% of
the radioactivity was recovered by 168 hours post dose: 92.7% was
recovered in feces (including 5% as unchanged voclosporin), and 2.1%
was recovered in urine (including 0.25% as unchanged voclosporin)
(Study (b) (4) 05).

Source: Module 2.7.2, Summary of Clinical Pharmacology Studies, page 16 (modified by the reviewer)
Abbreviations: AUC, area under the curve; AUCtau, AUC over the dosing interval; BCRP, breast cancer resistance protein;
Cmax, maximum concentration; Ctau, concentration over dosing interval; CYP, cytochrome P450; EC 50, half-maximal effective
concentration; Emax, maximum efficacy; E-R, exposure-response; GM, geometric mean; HAE, hereditary angioedema;
NAPDH, nicotinamide adenine dinucleotide (reduced); P-gp, P-glycoprotein; QD, four times daily; T max, time to Cmax
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Clinical Pharmacology Questions
Is the proposed dosing regimen appropriate for the general patient population for which the
indication is being sought?
Yes, the proposed general dosing regimen, 23.7 mg BID, is appropriate.
Phase 2 dose-ranging study
Results from Phase 2 dose finding study AURA-LV showed that voclosporin 23.7 mg BID dosing
was effective in achieving complete remission in subjects with active LN at Weeks 24 and 48,
with numerically better complete remission rates compared to voclosporin 39.5 mg BID dosing
(Table 9). Therefore, voclosporin 23.7 mg BID dosing regimen was selected in the Phase 3 study.
The efficacy and safety of the 23.7 mg BID dosing regimen has been demonstrated in the Phase
3 study AURORA 1 (see section 8).
Table 9. Summary of Subjects with Complete Remission at Week 24 and Week 48 in Study
AURA-LV

Source: CSR AURA-LV, Table 14.2.1.1 and Table 14.2.4.1
Abbreviations:OR, odds ratio; CI, confidence interval; BID, twice a day.

Also, the safety of voclosporin was exposure-dependent. A trend of increasing vascular
disorders with higher exposure of voclosporin was observed, and the percent changes (decline)
from baseline in eGFR also increased with total dose.
Refer to the clinical review and statistical review by Dr. Ginto Pottackal and Dr. Keith Hull,
respectively, for more details for the observed efficacy and safety data. Refer to the
pharmacometrics review (section 4.3) for the technical details for the exposure-response
analyses.
Is an alternative dosing regimen or management strategy required for subpopulations based
on intrinsic patient factors?
Yes, there is an alternative dosing regimen and management strategy for subjects with mild and
moderate hepatic impairment (dose reduction to 15.8 mg BID). Voclosporin has not been
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evaluated in patients with severe hepatic impairment and is not recommended for use in these
patients.
Clinical eff
mL/min/1.73 m2. No dose adjustment is recommended in patients with mild or moderate renal
impairment. Use of voclosporin
mL/min/1.73 m2 unless the benefit exceeds the risk. If used in patients with severe renal
impairment at baseline, the recommended starting dose is 15.8 mg. Due to nephrotoxicity,
kidney function was monitored by eGFR after initiating therapy, and dosing adjustments should
follow the recommendations outlined in the labeling.
Hepatic impairment
(b) (4)
The mass balance study (Study
05) demonstrated that 92.7% of total orally administered
voclosporin was recovered in feces. In a dedicated hepatic impairment study (Study ISA07-09),
following the administration of voclosporin 0.4 mg/kg as a single dose (Day 1) or as multiple
doses (BID for 10 days) in normal subjects and in subjects with mild hepatic impairment (ChildPugh A), approximately 1.5- to 1.8- fold increase in voclosporin exposures were observed.
Administration of voclosporin to subjects with moderate hepatic impairment (Child-Pugh B)
resulted in an approximately 2-fold increase in voclosporin exposure after a single dose of 0.4
mg/kg (Table 10). Based on the nonlinear PK of voclosporin, that 50% dose reduction leads to
60% exposure reduction (e.g., comparision between 0.5 mg/kg and 0.25 mg/kg in Study AURVCS-2015-J01), 33% dose reduction (from 23.7 to 15.8 mg BID) is expected to reduce the
exposure by approximately 40%, therefore address the 1.5 to 2-fold exposure increase in
subjects with mild and moderate hepatic impairment.

Voclosporin has not been studied in patients with severe hepatic impairment (Child-Pugh C).
The sponsor’s proposal that voclosporin is not recommended in subjects with severe hepatic
impairment is reasonable.
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Table 10. Summary of voclosporin PK comparison [geometric mean ratio (90% CI)] in subjects
with impaired hepatic function based on Child-Pugh classification

Source: Module 2.7.2 Summary of Clinical Pharmacology Studies, Table 6.

Renal impairment
Study ISA07-08 assessed the pharmacokinetics of voclosporin when dosed in subjects with renal
impairment, compared to subjects with normal renal function. A total of 33 subjects were
enrolled, including 7 healthy subjects (CLCr
mated by Cockcroft-Gault), 5
subjects with mild renal impairment (60 to 89 mL/min), 12 subjects with moderate renal
impairment (CLCr 30 to 59 mL/min) and 8 subjects with severe renal impairment (CL Cr <30
mL/min). An overview of the statistical evaluation on the effect of renal impairment on the PK
parameters of voclosporin is provided in Table 11. After single and multiple doses, C max and AUC
were similar in volunteers with mild and moderate renal impairment compared to volunteers
with normal renal function. After a single dose of voclosporin 0.4 mg/kg in volunteers with
severe renal impairment, Cmax and AUC increased 1.5- and 1.7-fold, respectively. This is
consistent with the fact that voclosporin is minimally renally eliminated, i.e., approximately 2%
(b) (4)
of the total radioactivity after a single [14C]-voclosporin dose excreted in urine (Study
05).
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No adjustment is recommended for the starting dose in patients with mild or moderate renal
impairment based on the results of Study ISA07-08. Use of voclosporin is not recommended in
2 unless the benefit exceeds the risk. If used
in patients with severe renal impairment at baseline, the recommended starting dose is 15.8
mg BID due to the 1.7-fold exposure increase and dose-dependent nephrotoxicity. Careful
monitoring of renal function is recommended during treatment, and dosing adjustments should
follow the recommendations outlined in the labeling.
Table 11. Summary of voclosporin PK comparison [geometric mean ratio (90% CI)] in subjects
with impaired renal function based on CLCr
Mild Renal Impairment vs Normal Renal Function
Day 1
N

5 vs 7

Cmax

1.31 (0.91-1.91)

AUC0-48

1.18 (0.78-1.78)

Day 10
N

5 vs 7

Cmax

1.02 (0.69-1.51)

AUC0-12

0.95 (0.66-1.36)

Moderate Renal Impairment vs Normal Renal Function
Day 1
N

12 vs 7

Cmax

1.02 (0.76-1.38)

AUC0-48

1.06 (0.76-1.49)

Day 10
N

11 vs 7

Cmax

1.11 (0.80-1.53)

AUC0-12

1.06 (0.78-1.44)

Severe Renal Impairment vs Normal Renal Function
Day 1
N

8 vs 7

Cmax

1.46 (1.05-2.03)

AUC0-48

1.74 (1.20-2.51)

Source: Applicant’s Response to FDA Information Request Dated 29 September 2020, Table 1.

It is worth mentioning that, even though the results of Study ISA07-08 was reviewed and
(b) (4)
accepted by the Agency
previously, the statically analysis was revised in the
current review in compliance with the classification of renal function groups (normal, mild,
moderate, and sever) described in the Guidance for Industry: Pharmacokinetics in Patients with
(b) (4)
Impaired Renal Function – Study Design, Data Analysis, and Impact on Dosing.
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in the current analysis subjects with CL Cr
subjects with normal renal function. After the revision, the overall conclusion is consistent with
the previous analysis, though the revised classification of renal function resulted in a shift in the
number of subjects allocated to each subgroup.
(b) (4)

Considerations for dose reduction/discontinuation scheme due to nephrotoxicity
(analysis of eGFR data from Study AURA-LV)
Besides the higher concentrations in patients with severe renal impairment, voclosporin can
cause nephrotoxicity like other calcineurin-inhibitors. To mitigate the risk, regular eGFR
monitoring is required during treatment in lieu of therapeutic drug monitoring, and the
proposed dose reduction/discontinuation scheme based on eGFR decline was applied in the
voclosporin clinical program in lupus nephritis (Studies AURA-LV and AURORA 1, see section 8).
To assess whether the proposed dose reduction/discontinuation scheme based on eGFR
monitoring leads to reasonable management of nephrotoxicity in patients with different
baseline renal functions, the observed eGFR data collected from Study AURA-LV was used to
investigate the overall trend of eGFR change while using the proposed dose adjustment
scheme, including the eGFR recovery after end of voclosporin treatment at Week 48. Data from
patients with baseline eGFR less than 45 mL/min/1.73m2 were very rare for analysis (n=1 and 2
in voclosporin 23.7 and 39.5 mg, respectively) as eGFR 45 mL/min/1.73 m2 is the exclusion
criterion in the clinical studies 28.
Figure 1 summarized mean baseline eGFR profiles using the empirical cut-offs (low: baseline 30
< eGFR <= 60 mL/min/1.73 m2, middle: baseline 60 < eGFR < 90 mL/min/1.73 m2, and high:
baseline eGFR >= 90 mL/min/1.73 m2). After starting voclosporin treatment, the mean eGFR
decreased promptly at Week 2 and 4, especially in subjects in the middle and high eGFR
subgroups. During Week 4 to Week 48, the mean eGFR profiles were generally stable except
more fluctuations in the low eGFR subgroups. After discontinuation of the voclosporin
treatment at Week 48, the mean eGFR increased at Week 50 for all subgroups receiving both
23.7 and 39.5 mg doses, except the low eGFR subgroup in the 23.7 mg dose. This could be
explained by the high percentage of subjects (7 out of 10 subjects) in this subgroup having dose
discontinuation before Week 48 due to eGFR decrease > 30%. Thus, the eGFR in this subgroup
started to increase even before Week 48. The analysis is limited by the small sample size in the
low eGFR group.
The mean eGFRs in the low and middle eGFR subgroups are generally maintained at levels
comparable to the baseline during voclosporin treatment in both voclosporin 23.7 and 39.5 mg
arms, supporting the management of acute renal toxicity by dose adjustment based on eGFR
monitoring.

28

Based on the sponsor’s response to FDA’s Mid-Cycle Communication Letter dated Sep 09, 2020, subjects with
2
at baseline, remained in
eGFR >45 mL/min/1.73 m2
studies.
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Figure 1: Mean eGFR Over Time by Treatment Group in patients with different baseline eGFR
subgroups in Study AURA-LV

Note: Number of subjects at baseline per subgroup was provided as “n=” in the plot.
Source: Reviewer’s Analysis

In order to confirm that the observations in Figure 1 are not biased due to the unbalanced
number of subjects per eGFR subgroup, Figure 2 was drawn using different cut-off values
compared to Figure 1. Similar numbers of subjects were distributed per subgroup, and the
overall findings are consistent with Figure 1.
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Figure 2: Mean eGFR Over Time by Treatment Group in patients with different baseline eGFR
categories in Study AURA-LV (using different cut-off values to balance the number of subjects
per subgroup)

Note: Number of subjects at baseline per subgroup was provided as “n=” in the plot.
Source: Reviewer’s Analysis

At individual patient level, shift in eGFR category was summarized at Week 48 (Table 12) and
Week 50 (Table 13) compared to the baseline eGFR category. After receiving voclosporin 23.7
mg BID, all subjects with normal renal function at baseline had switched to a worsened eGFR
category at Week 48, and most patients recovered to the baseline eGFR category at Week 50.
Though we did see one patient (received voclosporin 23.7 mg BID) with baseline mild renal
impairment deteriorated to moderate renal impairment at week 48, and the eGFR decline was
not reversible (i.e., the patient became severe renal impairment) at Week 50. Our analysis also
shows, under the proposed eGFR monitoring and dose adjustments after initiating therapy, that
mild and moderate renal impairment patients are not at increased risk of voclosporin’s acute
nephrotoxicity compared to patients with normal renal function. The analysis is limited by small
sample size. See Section 8 for additional risk/benefit considerations.
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Table 12: Shift in eGFR category at Week 48 in patients with various baseline eGFR
(Baseline -> Week 48) in Study AURA-LV

worse

better

eGFR category at
baseline

eGFR change at
WK48

normal

normal->mild

normal

n (%)
2 (4.8%)

Voclosporin
23.7mg BID
n (%)
12 (29.3%)

Voclosporin
39.5mg BID
n (%)
17 ( 32.1%)

normal->moderate

2 (4.8%)

29 (70.7%)

3 (5.7%)

mild

mild->moderate

2 (9.5%)

5 (22.7%)

1 (4.76%)

moderate

moderate->severe

0

0

1 (16.7%)

mild

mild->normal

11 (52.4%)

4 (18.2%)

6 (28.6%)

moderate

moderate->mild

0

4 (66.7%)

1 (16.7%)

moderate

moderate->normal

1 (33.3%)

1 (16.7%)

0

Moderate: 30 mL/min/1.73 m2
Mild: 60 mL/min/1.73 m2< eGFR < 90 mL/min/1.73 m2
2
N
Source: Reviewer’s Analysis

Placebo

2

Table 13: Shift in eGFR category at Week 48 in patients with various baseline eGFR
(Baseline -> Week 50) in Study AURA-LV

worse

better

eGFR category at
baseline

eGFR change at
WK48

normal

normal->mild

normal

n (%)
0

Voclosporin
23.7mg BID
n (%)
8 (20.5%)

Voclosporin
39.5mg BID
n (%)
7 (13.7%)

normal->moderate

2 (4.7%)

0

2 (3.9%)

normal

normal->severe

1 (2.3%)

0

0

mild

mild->moderate

3 (15%)

5 (20.1%)

1 (5.26%)

mild

mild->severe

0

1 (4.2%)

0

mild

mild->normal

11 (55%)

6 (25%)

7 (36.8%)

moderate

moderate->mild

1 (20%)

3 (50%)

3 (60%)

moderate

moderate->normal

1 (20%)

1 (16.7%)

1 (20%)

Moderate: 30 mL/min/1.73 m2
Mild: 60 mL/min/1.73 m2< eGFR < 90 mL/min/1.73 m2
2
N
Source: Reviewer’s Analysis

Placebo

2

Other intrinsic factors from population PK analysis
Population PK analysis showed that body weight, age, gender, and race did not have a clinically
meaningful effect on voclosporin exposure. Refer to the Pharmacometrics Review in section
17.4.1 for more details.
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Are there clinically relevant food-drug or drug-drug interactions, and what is the appropriate
management strategy?
Yes. Food decreases the exposure of voclosporin, to ensure adequate absorption, voclosporin is
to be taken on an empty stomach. Voclosporin is contraindicated with strong CYP3A4
inhibitors. Daily dose adjustment to 15.8 mg in the morning and 7.9 mg in the evening is
recommended when voclosporin is co-administered with moderate CYP3A4 inhibitors.
Voclosporin is not recommended to be co-administered with moderate and strong CYP3A4
inducers. Avoid food or drink containing grapefruit when taking voclosporin.
Food-drug interaction
In a dedicated food effect study (Study ISA04-02), administration of a single 1.5 mg/kg
voclosporin as oral solution with either low- or high-fat meals decreased both the rate and
extent of absorption: with a high-fat meal, Cmax and AUC were reduced by 53% and 25%,
respectively; with low -fat meal, Cmax and AUC of voclosporin were reduced by 29% and 15%,
respectively. To ensure adequate absorption, voclosporin is to be taken on an empty stomach.
(b) (4)
Refer to the Clinical Pharmacology review
for more details.
Drug-drug interactions
Effects of concomitant medications on pharmacokinetics of voclosporin
In vitro evaluations showed that CYP3A4 is the primary enzyme responsible for voclosporin
metabolism (Study ISA01-06). In a study in healthy subjects, coadministration of 0.4 mg/kg
voclosporin BID with multiple doses of the strong CYP3A4 inhibitor ketoconazole at 400 mg QD
resulted in a 6.45- and 18.55-fold increase in voclosporin Cmax and AUC 0-12, respectively (Study
(b) (4)
06, Table 14). Voclosporin is contraindicated with strong CYP3A4 inhibitors.
When voclosporin was co-administered with verapamil (strong P-gp and moderate CYP3A4
inhibitor), voclosporin exposure increased by 2.71-fold for AUC and 2.08-fold for C max (Study
(b) (4)
07, Table 14). Dose adjustment to 15.8 mg in the morning and 7.9 mg in the evening is
recommended when voclosporin is co-administered with moderate CYP3A4 inhibitors.
No dedicated drug-drug interaction study was conducted to assess the concomitant use with
weak CYP3A4 inhibitors. Based on a PBPK model for co-administration with fluvoxamine and
cimetidine (weak CYP3A4 inhibitors), voclosporin Cmax and AUC0-12 increased by less than
1.23-fold. No dose adjustment is needed when voclosporin is co-administered with weak
CYP3A4 inhibitors.
When voclosporin was co-administered with rifampin (a strong CYP3A4 inducer), voclosporin
exposure decreased by 87% for AUC and 68% for C max. No dedicated drug-drug interaction
study was conducted to assess the concomitant use with moderate CYP3A4 inducers. Based on
a PBPK model for co-administration with efavirenz (moderate CYP3A4 inducer), voclosporin
exposure decreased by 70% for AUC and 62% for C max. The decreased voclosporin exposure may
result in inefficacious concentrations and consequently decrease the efficacy. Therefore,
voclosporin is not recommended to be co-administered with moderate and strong CYP3A4
inducers.
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Table 14. Change in Pharmacokinetics of Voclosporin in the Presence of Co-administered
Drugs
Co-administered Drug

Regimen of Coadministered Drug

Ratio
(90% CI)1

Reference

Cmax

AUC

400 mg QD for 9
days

6.45
(5.02, 8.29)

18.55
(15. 89, 21.65)

Study

(b) (4)

06

Moderate CYP3A4 and
strong P-gp inhibitor:
Verapamil

80 mg TID for 10
days

2.08
(1.89, 2.28)

2.71
(2.56, 2.87)

Study

(b) (4)

07

Strong CYP3A4 inducer:

600 mg QD for 10
days

0.32
(0.28, 0.37)

0.13
(0.11, 0.15)

Study

(b) (4)

09

Strong CYP3A4 inhibitor:
Ketoconazole

Rifampin

Notes: CI = Confidence interval; CYP = Cytochrome P450; QD = once daily; BID = twice daily; TID = every 8 hours
1 Ratios for Cmax and AUC compare co-administration of the medication with voclosporin vs administration of voclosporin
alone.
Source: Reviewer Summary

Effects of voclosporin on pharmacokinetics of concomitant medications
In the pivotal Phase 2 and 3 studies (AURA-LV and AURORA 1), voclosporin was administered on
a background therapy of mycophenolate mofetil (MMF). A clinical DDI study in subjects with
SLE (with or without LN) revealed that MPA exposure (Cmax and AUC 0-12) was similar following
administration of MMF 1 g BID with voclosporin 23.7 mg BID compared with administration of
MMF alone (Study AUR-VCS-2018-01, Table 15). Treatment ratios were 0.94 and 1.09 for C max
and AUC0-12, respectively. For the major inactive metabolite MPAG, C max and AUC0-12 were 12%
and 27% higher, respectively.
Voclosporin is a weak inhibitor of P-gp. Concomitant administration of voclosporin 0.4 mg/kg
BID with multiple doses of digoxin increased digoxin C max and AUC0-24 by 1.51- and 1.25-fold,
(b) (4)
respectively (Study
08, Table 15). Since digoxin is considered to have a narrow
therapeutic index, caution should be exercised when coadministering voclosporin with digoxin,
with appropriate monitoring of digoxin performed as clinically indicated and described in the
digoxin product labelling.
No dose adjustment is required for coadministration of voclosporin and CYP3A4 substrates.
Although in vitro studies suggested that voclosporin may be an inhibitor of CYP3A4,
concomitant administration of a single dose of oral midazolam (sensitive CYP3A4 substrate)
with voclosporin 0.4 mg/kg BID to healthy subjects had no significant effect on midazolam C max
and AUC0-inf, with treatment ratios of 0.89 and 1.02, respectively (Study ISA07-07, Table 15).
(b) (4)
Per the Applicant, negligible interaction
was
predicted with the OATP1B1/3 substrates rosuvastatin or pravastatin using a PBPK model, while
the DDI potential has not been studied clinically. However, voclosporin is an OATP1B1 inhibitor
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in vitro and the inhibition effect of voclosporin on OATP1B1 transporter may be significantly
underestimated using PBPK analysis (PBPK review). It is recommended to monitor for adverse
reactions of OATP1B1 substrates (e.g., statins) when used concomitantly with voclosporin. A
clinical drug interaction study is required to evaluate the effect of repeat doses of voclosporin
on the pharmacokinetics of substrates of OATP1B1 to inform the appropriate dosing strategies
for coadministration of voclosporin with these substrates.
Refer to the Individual Study Review and PBPK review for more details.
Table 15. Change in Pharmacokinetics of Co-administered Drugs in the Presence of
Voclosporin
Co-administered Drug

Multiple Dose
Regimen of
Voclosporin

Ratio
(90% CI)1

Reference

Cmax

AUC

0.94
(0.77, 1.16)

1.09
(0.94, 1.26)

Study AURVCS-

Immunosuppressant:
Mycophenolate mofetil2

23.7 mg BID

P-gp substrate: Digoxin

0.4 mg/kg BID

1.51
(1.40, 1.63)

1.25
(1.19, 1.31)

Study

Sensitive CYP3A4
substrate: Midazolam

0.4 mg/kg BID

0.89
(0.80, 0.99)

1.02
(0.93, 1.12)

Study ISA07-07

2018-01
(b) (4)

08

Notes: BID = twice daily; CI = Confidence interval; CYP = Cytochrome P450; P-gp = P-glycoprotein.
1 Ratios for Cmax and AUC compare co-administration of the medication with voclosporin vs administration of the medication
alone.
2 Observed effect of voclosporin on mycophenolic acid (MPA).
Source: Reviewer Summary

Is the to-be-marketed formulation the same as the clinical trial formulation, and if not, are
there bioequivalence data to support the to-be-marketed formulation?
Four formulations have been used throughout the clinical development, including an oral
(b)
(b)
solution formulation ( (b)
(4) mg/mL), and three softgel capsules contain (4) mg, (4) mg and 7.9 mg
of voclosporin, respectively (Table 16). The drug product used in the pivotal clinical trials AURA(b) (4)
LV and AURORA 1 is intended for commercialization, which comprises the
a Size 5 oval softgel capsule containing 7.9 mg drug substance per drug unit.
The oral solution ( (b)
(4) mg/mL) was used in the initial Phase 1 clinical studies. The sponsor
conducted a bioequivalence study (Study ISA04-01) in healthy subjects to demonstrate the
(b)
bioequivalence between the oral solution ( (b)
(4) mg/mL) and the softgel capsules ( (4) mg) under
fasted condition. Following a single 100 mg dose administration of voclosporin with the oral
solution and capsules, the 90% CIs of the geometric mean ratios of voclosporin C max, AUC0-t, and
AUC0-inf are within 80-125% limit, indicating the capsule formulation and the oral solution are
bioequivalent when administered with water. For more detailed information, refer to the
(b) (4)
Clinical Pharmacology review
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The quantitative composition for the softgel capsules used in the clinical development studies
supporting this submission are provided in Table 17. The formulation of the voclosporin drug
(b) (4)
product has only slightly changed throughout the clinical development program.
(b) (4)
. Minor changes were made
used for earlier clinical pharmacology studies to the current 7.9 mg
(b) (4)
strength for the LN indication. Minor adjustments were also made to the
(b) (4)
amount per capsule
In
(b) (4)
addition, minor changes were made to the

Table 16. Summary of Clinically Relevant Formulations Evaluated in Phase 1, Phase 2, and
Phase 3
Voclosporin
Formulation &
Strength

Oral solution
(b)
(4)mg/mL)

Softgel Capsules
(b)
(4)mg)

Softgel Capsules
(b)
(4)mg)

Softgel Capsules
(7.9 mg)1

Phase 1 Studies

Phase 2 Studies

Phase 3 Study

AURION
AURA-LV

AURORA 1

ISA03-10
ISA03-12
(b) (4)
05
ISA04-02
ISA03-11
ISA04-012
ISA04-012
ISA07-09
ISA07-08
(b) (4)
06
(b) (4)
07
(b) (4)
09
ISA07-07
(b) (4)
08
ISA05-03
AUR-VCS-2015-J01
AUR-VCS-2018-01
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1. The proposed commercial voclosporin drug product is formulated as 7.9 mg softgel capsules.
2. Study ISA04-01 is a BE study between the oral solution (non-encapsulated formulation) with the
Source: reviewer summary

(b)
(4)mg

softgel capsules.

Table 17 Composition of the Voclosporin Softgel Capsules Used in Clinical Development

(b) (4)

(b) (4)

(b) (4)
(b) (4)

NF = National Formulary; QS = As much as suffices; USP = United States Pharmacopeia.
Source: reviewer summary

How are parent drug and relevant metabolites identified and what are the analytical methods
used to measure them in blood and other matrices?
Quantification of voclosporin in human blood
The bioanalytical methods used for voclosporin measurement in human blood and urine are
listed in Table 18 - Table 19.
Voclosporin comprises two geometric isomers, a trans (E)-isomer and a cis (Z)-isomer,
depending on the orientation of the modified functional group. Based on in vitro study ISA0206, both isomers are pharmacologically active with the E-enriched isomer mixture inhibits
calcineurin activity in vitro more effectively than the Z-enriched mixture (page 112 of FDA
(b) (4)
review
). Voclosporin is enriched with the trans-isomer (90 to 95% trans-isomer).
For the initial clinical studies, an isomer-specific bioanalytical method was used. At a later stage,
a nonisomer specific method was used for the determination of voclosporin concentrations.
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Table 18. Validation Summary for Isomer-Specific Assays Used to Determine Concentrations
of Voclosporin Trans- and Cis-Isomers

(b) (4)
(b) (4)

(b) (4)
(b) (4)

(b) (4)
(b) (4)

Source: Module 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods, Appendix 3

Table 19 Validation Summary for Non-Isomer-Specific Assays Used to Determine
Concentrations of Voclosporin

Source: Module 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods, Appendix 4
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Quantification of voclosporin in human urine
A urine assay for the simultaneous quantitative determination of voclosporin and its
metabolites IM1-Diol-1, IM1w, IM4n and IM9 was developed by Isotechnika. The procedure
(b) (4)
utilizes a protein precipitation step, with d4-voclosporin and the
added as
internal standards for voclosporin and the metabolites, respectively. The analysis employed
reversed phase chromatography in a column switching configuration, coupled with tandem
mass spectrometry for quantitation. The ions were monitored in MRM mode. The validated
quantitation range for voclosporin and metabolites was 0.1 to 100 ng/mL.
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7 Sources of Clinical Data and Review Strategy
Table of Clinical Studies
The voclosporin clinical development program for lupus nephritis consisted of four studies
(Table 20):
AUR-voclosporin-2012-01 (AURA-LV)
o Phase 2, randomized, double-blind, placebo-controlled study comparing two
doses of voclosporin (23.7 mg BID and 39.5 mg BID) versus placebo in subjects
with active lupus nephritis administered concomitant MMF and corticosteroids.
AUR-voclosporin-2016-01 (AURORA-1)
o Phase 3, randomized, double-blind, placebo-controlled study comparing
voclosporin (23.7 mg BID) versus placebo in subjects with active lupus nephritis
administered concomitant MMF and corticosteroids.
AUR-voclosporin-2016-02 (AURORA-2)
o Ongoing double-blind, placebo-controlled continuation study of eligible subjects
who completed 52-weeks in AURORA-1.
AUR-voclosporin-2014-01 (AURION)
o Open-label, single-arm, phase 2 exploratory study assessing the short-term
predictors of response in ten subjects with lupus nephritis administered
voclosporin 23.7 mg BID in subjects with active lupus nephritis administered
standard of care.
The majority of the efficacy and safety data used to support this application derives from the
AURA-LV and AURORA-1 studies. AURORA-2 is an ongoing double-blinded extension study of
AURORA-1, which has the potential to provide longer-term safety and efficacy information
regarding the use of voclosporin in patients with lupus nephritis; however, as the study is still
blinded, review of the results is not included in the current application. Lastly, AURION was an
exploratory, open-label, single-armed study enrolling ten subjects that demonstrated similar
safety findings to that reported in the larger, well-controlled studies. Consequently, the limited
data from AURION will not be considered in this review.
In addition to the aforementioned lupus nephritis studies, the Applicant submitted safety data
from other voclosporin clinical programs that were conducted in subjects with plaque psoriasis
(n=1167), non-infectious uveitis (n=710) or undergoing renal transplant (n=248). However,
given the different pathophysiologic underpinnings and comorbidities associated with lupus
nephritis compared to these other conditions, as well as the different voclosporin dosing and
study designs, the safety review presented here will focus on the safety data derived from the
AURA-LV and AURORA-1 studies. The safety data from the non-lupus nephritis development
programs will be reviewed to compare types of adverse events and to identify potential safety
signals where relevant.
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Table 20. Clinical Studies Used in the Review of NDA 213716

AURA-LV

AURORA-1

AURORA-2

AURION

Study
Design

R, DB, PC, MC, PG
48-week study

R, DB, PC, MC, PG
52-week study

R, DB, PC, MC, PG
104-week extension study
of eligible subjects
completing AURORA-1

OL, single-arm 48-week
study

Treatment
Arms

VOC 23.7 mg BID (n=89)
VOC 37.9 mg BID (n=88)
PBO (n=88)

VOC 23.7 mg BID (n=179)
PBO (n=178)

VOC 23.7 mg BID (n=116)
PBO (n=100)

VOC 23.7 mg BID (n=10)

Subject
Population

Class III/IV lupus nephritis
with confirmed proteinuria
; UPCR

Class III/IV lupus nephritis
with confirmed proteinuria
; UPCR

Class III/IV lupus nephritis
with confirmed proteinuria
; UPCR

Class III/IV lupus
nephritis with confirmed
000
mg/24 hours;
0
mg/mg

Class V lupus nephritis with
confirmed proteinuria

Class V lupus nephritis with

Class V lupus nephritis with

Kidney biopsy within 2 years
prior to screening

Kidney biopsy within 2 years
prior to screening

Renal Response at Week 52
defined as decrease in
proteinuria by UPCR 0.5
mg/mg AND no confirmed
decrease in baseline eGFR
20% or eGFR <60
mL/min/1.73 m2

Renal Response at Week 52
defined as decrease in
proteinuria by UPCR 0.5
mg/mg AND no confirmed
decrease in baseline eGFR
20% or eGFR <60
mL/min/1.73 m2

Kidney biopsy within 2
years prior to screening

Kidney biopsy within 6
months prior to screening

Primary
Endpoint

Renal Response at Week 24
defined as decrease in
proteinuria to UPCR 0.5
mg/mg AND no confirmed
decrease in baseline eGFR
20% or eGFR <60
mL/min/1.73 m2

Exploratory biomarkers

R: randomized; DB: double-blind; MC: multicenter; PG: parallel group; PC: placebo-controlled; OL: open-label; VOC:
voclosporin; PBO: placebo; UPCR: urine protein creatinine ratio; eGFR: estimated glomerular filtration rate
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Review Strategy
Efficacy analyses were conducted on the results from the AURORA-1 and AURA-LV studies and
included review of the primary endpoints, secondary endpoints, sensitivity analyses and
subgroup analyses. The AURORA-1 study will be the primary source of efficacy data as it used
the mutually agreed upon pre-specified primary endpoint at 52-weeks. AURA-LV is only
considered as supportive data given that the efficacy comparisons were not controlled for
multiplicity and that the complete response at Week 48 endpoint was derived from a post-hoc
analysis rather than an analysis of the original pre-specified primary endpoint.
Safety analyses included all subjects enrolled in the voclosporin development program for lupus
nephritis with emphasis on the pooled data from the AURA-LV and AURORA-1 studies. The
review is largely based on two pooled analysis populations:
The controlled-period lupus nephritis population which includes 533 subjects from the
placebo and voclosporin 23.7 mg treatment groups in the AURA-LV and AURORA-1
studies that include up to 52-weeks of treatment exposure.
The long-term lupus nephritis population includes 356 subjects from the AURORA-1
study, of whom 216 entered AURORA-2, the ongoing continuation study of AURORA-1.
The AURORA-2 cutoff data includes up to January 9, 2020 providing a maximum of 30months observation.
Safety data from the voclosporin 39.5 mg treatment arm of the AURA-LV study was not
included in the integrated safety analysis as this dose was only used in one study; however,
relevant safety data will be included throughout the discussion of the safety review as it relates
to higher voclosporin dosing. Additionally, adverse events of special interest related to CNIrelated toxicity and voclosporin-induced immunosuppression were analyzed and are included in
the safety review.
Review of safety largely relied on the Applicant’s analysis of the safety data as prespecified at
our pre-NDA meeting with commentary related to the clinical meaningfulness of the data. Any
potential safety signal was further analyzed as required.
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8 Statistical and Clinical and Evaluation
Review of Relevant Individual Trials Used to Support Efficacy
Lupus Nephritis Study Designs
8.1.1.1 AUR-voclosporin-2016-01 (AURORA-1)
“A Randomized, Controlled Double-Blind Study Comparing the Efficacy and Safety of Voclosporin
with Placebo in Achieving Renal Response in Subjects with Active Lupus Nephritis”
AURORA-1 was a phase 3, randomized, double-blind, parallel-group, placebo-controlled,
multicenter, two-arm study of voclosporin versus matching placebo (Figure 3). Voclosporin at a
dose of 23.7 mg BID or matching placebo were administered for 52-weeks with a background
therapy of MMF and corticosteroids with a dose-tapering schedule. The study was conducted in
142 centers in 27 countries in North America, Latin America, Europe, South Africa, and Asia and
enrolled 357 subjects with lupus nephritis (179 in the voclosporin group and 178 in the placebo
group) from May 17, 2017 to September 17, 2019.
The study screened 728 subjects and 357 subjects were randomized in a 1:1 ratio with 179
subjects receiving voclosporin and 178 subjects receiving placebo. All subjects were also to
receive 2 g/day MMF; subjects who were not already taking MMF prior to randomization
received 1 g/day for the first week, increasing to 2 g/day on Day 8. In addition, all subjects were
to receive 500 mg/day IV methylprednisolone on Days 1 and 2 (250 mg/day for subjects
weighing <45 kg) before changing to a tapering course of oral corticosteroid therapy on Day 3.
All subjects were to return for assessment of efficacy and safety at Day 2 and Weeks 2, 4, 8, 12,
16, 20, 24, 30, 36, 42, 48, and 52. Subjects not on MMF during screening returned for local
complete blood count assessments at Weeks 1 and 3. Subjects who did not enroll in the longterm extension study, AURORA-2, attended the Safety Follow-up Visit (Visit 16) at Week 56.
All study personnel and subjects were blinded to study medication. Voclosporin was orally
administered at a dose of 23.7 mg BID given as three 7.9 mg softgel capsules per dose.
Similarly, matching placebo softgel capsules were orally administered at a dose of three
capsules BID. The randomization schedule was not available at the study center, or to the study
monitors, study statisticians, the Applicant’s project team or the Contract Research
Organization.
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Figure 3. Study Schematic of Study AURORA-1

Source: Figure 1 - Clinical Study Report AUR-voclosporin-2016-01 (AURORA-1)

The primary objective of this study was to evaluate the efficacy of voclosporin compared with
placebo in achieving renal response after 52-weeks of therapy in subjects with active lupus
nephritis. The secondary objective was to assess the safety and tolerability of voclosporin over
52-weeks compared with placebo in subjects with active lupus nephritis.
Major inclusion criteria:
-of-age
Previous diagnosis systemic lupus erythematosus according to the American College of
Rheumatology criteria (1997)
Evidence of active nephritis:
o Kidney biopsy result within two years prior to screening indicating Class III, IV-S,
IV-G (alone or in combination with Class V), or Class V LN with a doubling or
greater increase of UPCR with
results over six months prior to screening had to be reviewed by a Medical
Monitor to confirm eligibility
OR
o Kidney biopsy result within six months prior to screening indicating Class III, Class
IV-S, Class IVmg/mg at screening
OR
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o Kidney biopsy result within six months prior to screening indicating Class V LN
and a U
Subject required high-dose corticosteroids and immunosuppressive therapy in the
opinion of the Investigator
Women of childbearing potential had to have a negative serum pregnancy test at
screening and a negative urine pregnancy test at baseline. Two effective forms of
contraception had to be used simultaneously unless abstinence was the chosen method.
Major exclusion criteria:
by the Chronic Kidney Disease Epidemiology Collaboration (CKDEPI)
Subject requiring renal dialysis
History of previous kidney transplant or planned kidney transplant
Medical history of
o Congenital or acquired immunodeficiency
o Significant history of drug or alcohol abuse within the previous two years
o Malignancy within five years of screening with the exception of basal and
squamous carcinomas treated by excision
o Lymphoproliferative disease or previous total lymphoid irradiation
o Severe viral infection (e.g., HBV, HCV, HIV, cytomegalovirus) within three months
of screening
o Active tuberculosis or known history of tuberculosis
Clinically significant active medical conditions including cardiovascular disease hepatic
dysfunction, chronic obstructive pulmonary disease, asthma, bone marrow insufficiency
unrelated to systemic lupus erythematosus, active bleeding disorder, current active
infection, physical or psychiatric illness within previous six months that would interfere
with study assessments
Subjects who were pregnant or breast feeding
Any overlapping autoimmune condition for which the condition or the treatment of the
condition would have affected the study assessments or outcomes
No vaccines using live organisms
The concomitant baseline immunosuppressive therapy was chosen based on the 2012 ACR
guidelines for the treatment and management of lupus nephritis 29in which the Task Force
Panel considered the use of MMF or cyclophosphamide, in conjunction with corticosteroids, to
be equivalent for the treatment of active lupus nephritis. While the guidelines state that doses
of MMF 2-3 g/day were acceptable, they favored the 3g daily dose for patients with Class III/IV
and crescents, and for patients with proteinuria and a recent rise in serum creatinine. The
MMF dose in the voclosporin clinical program was 2g daily. The Task Force Panel also
recommends that patients with Class III/IV lupus nephritis receive pulse methylprednisolone

29

Hahn BH et al. Arthritis Care Res 2012;63(6):797-808.
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500-1000 mg IV daily for three days followed by daily oral corticosteroids of 0.5-1 mg/kg/day
with the goal of tapering to the minimal amount necessary to control the disease. The
AURORA-1 study was conducted using pulse methylprednisolone 250-500 mg IV daily for two
days followed by a prespecified corticosteroid taper over 16-weeks starting at about 0.5
mg/kg/day. Lastly, the Task Force Panel also recommends that patients with lupus nephritis
receive adjunct therapy with an antimalarial agent (e.g., hydroxychloroquine) and an
angiotensin converting enzyme inhibitor or angiotensin receptor blocker to limit proteinuria.
Approximately 68% of subjects from both treatment arms were on an antimalarial drug and
60% of subjects entered the study on an angiotensin converting enzyme inhibitor or
angiotensin receptor blocker.
The Agency did not consider the Applicant’s approach to baseline therapy of MMF 2g daily in
conjunction with the prespecified corticosteroid regimen prior to initiation of the study to raise
safety concerns given that subjects could receive MMF up to 3g daily, if deemed medically
necessary. Additionally, there were adequate stopping criteria to ensure that subjects who
were not responding to therapy would receive standard-of-care.
The selection of the voclosporin 23.7 mg BID dose for AURORA-1 was based on the results of
the AURA-LV study in which subjects were administered voclosporin 23.7 mg BID or 39.5 mg
BID compared to placebo (Section 8.1.2). Analysis of the efficacy results demonstrated that
voclosporin 23.7 mg BID was superior to placebo in the proportion of subjects achieving a renal
response and that there was no further increase in efficacy with the voclosporin 39.5 mg BID
dose. Furthermore, the safety data demonstrated a dose-dependent increase in the frequency
of voclosporin-related adverse events. Consequently, the Applicant chose to study the
voclosporin 23.7 mg BID dose in the AURORA-1 study as a fixed dose with eGFR monitoring
rather than therapeutic drug monitoring, which is typically performed when administering
other CNIs.
The AURORA-1 protocol included detailed criteria for voclosporin dose management related to
CNI-related changes in eGFR and hypertension, which are typically dose-related and reversible.
Any subject experiencing a >30% decrease in eGFR from baseline to <60 mL/min/1.73m 2 had
study treatment interrupted until a repeat test could be performed. If the decrease was
confirmed and not thought due to other contributing factors (e.g., concomitant medications,
renal flare, etc.) then the subject’s study treatment was withheld and eGFR retested within 48hours. If the subsequent eGFR decrease was not confirmed, then study treatment was resumed
at two capsules BID and increased as tolerated after discussion with the Medical Monitor.
n eGFR then the study drug was decreased
by one capsule BID and the subject was retested within two weeks. If the eGFR did not recover,
study drug was further decreased by an additional one capsule BID. Subjects experiencing
<20% reduction in eGFR then the current dose of study drug was maintained, and subject
monitored. All subjects who experienced a decrease in eGFR and a subsequent decrease in
study drug dose were reassessed for recovery of renal function. If the eGFR was > 80% of
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baseline, the study drug dose was increased by one capsule BID (up to a maximum of three
capsules BID) and eGFR assessed within two weeks.

and 165 mmHg and/or DBP between 80 mmHg and 105 mmHg were to receive
antihypertensive therapy as outlined in the study protocol that included calcium-channel
blockers, diuretics, and betablockers. Use of angiotensin converting enzyme inhibitors (ACE-I)
165 mmHg
therapy. Subjects continued with all scheduled study visits and study drug was not to be
restarted until discussed with the Medical Monitor.
All subjects who wei
while subjects who weighed less than 45 kg received 0.25 g IV methylprednisolone on Day 1
and Day 2. Oral corticosteroid therapy was started on Day 3 for all subjects. The starting dose
dose was reduced according to a prespecified tapering schedule with the aim for all subjects
to have their corticosteroid dose reduced to 2.5 mg/day by the end of Week 16. When
clinically indicated, subjects could be completely titrated off oral corticosteroids. Subjects with
a lack of response were allowed one four-week interval without dose reduction or one dose
escalation to the previous dose for two weeks at any time during the study. Lack of response
was defined as no or minimal change in UPCR per Investigator judgment over three visits or
deterioration in UPCR not meeting the criteria for withdrawal. All deviations from the
prescribed dosing schedule had to be discussed with the Medical Monitor and documented.
Subjects who were receiving MMF prior to randomization continued without interruption.
Approval by the Medical Monitor was required for subjects taking a dose other than 2 g/day
MMF from randomization onwards. Subjects on azathioprine or mycophenolate sodium at
screening were switched to MMF at baseline.
For subjects who were MMF naïve prior to randomization, the dosing of MMF started at 0.5 g
BID for a total daily dose of 1 g/day for the first week, increasing to 1 g BID for a total daily
dose of 2 g/day for the second and subsequent weeks (i.e., beginning on Day 8). Dose
changes or interruptions were permitted for clearly documented safety reasons only,
including gastrointestinal disturbance and decreases in absolute neutrophil count.
Treatment compliance with study drug was assessed by maintaining adequate drug dispensing
and return records and a drug dispensing log was maintained by Investigators. Subjects were
required to return all unused study medication and empty containers and the capsule count
was recorded. Compliance was determined by dividing the number of softgel capsules taken by
the expected number of softgel capsules to be taken (based on dose) over the subject’s
participation in the study.
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Any concomitant treatment administered during the study was recorded. Use of topical
corticosteroids, antimalarials and herbal supplements were allowed. However, any class of
medications not mentioned in the protocol and with the potential to interfere with
evaluation of the study treatment had to be discussed and documented with the Medical
Monitor. The following medications were prohibited and could not be taken during the study.
IV corticosteroids within two weeks prior to screening
Enteric and nonenteric coated oral corticosteroids during the study other than as
required by the protocol were prohibited
IV immunoglobulin treatment within two weeks prior to screening
Cyclophosphamide within four weeks prior to screening
Cholestyramine or other drugs that would interfere with enterohepatic recirculation
of MMF within four weeks prior to screening
Initiation or change in dosing of ACE-I or ARBs within four weeks prior to
randomization
Cyclosporine or tacrolimus within one month of screening
Immunosuppressive biologic agents
Live vaccines
MMF doses other than 2g/day without prior authorization of the Medical Monitor
Concomitant therapy with other immunosuppressants after randomization
Use of ketoconazole or rifampin
Concomitant use of other CYP3A4/5 inhibitors and inducers was to be discussed with
the Medical Monitor
Every effort was made for subjects who withdrew from the study, either voluntarily or at the
Investigator’s discretion, to undergo end of study assessments. If a subject refused the end of
study procedures, the reason for refusal was documented. If a subject withdrew without
providing a reason, it was recorded as withdrawal of consent. Withdrawn subjects were not
replaced.
If any subject was discontinued from study drug, the reason for discontinuation was
documented. If the reason for discontinuing study treatment was an adverse event or an
abnormal laboratory test result, the specific event or test was recorded. Except for cases
involving pregnancy, subjects who were discontinued from study treatment were to undergo
all study assessments up to and including the Week 52/Early Termination Visit.
Subjects were to be discontinued from study drug due to a suboptimal clinical response. The
Investigator was to contact the Medical Monitor to discuss further continuation in the study if
the subject met one of the two following criteria:
After 12 weeks of treatment, the subject showed a confirmed >30% decrease from
baseline value in eGFR in two successive measurements separated by at least four
weeks.
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OR
After eight weeks of treatment, the subject showed a confirmed reduction in UPCR of
If subjects required treatment with IV methylprednisolone or any rescue medication other
than that permitted in the protocol, they had to be permanently discontinued from the
study treatment and were considered a treatment failure. Subjects who were permanently
discontinued from study treatment were treated as deemed appropriate by the Investigator.
Subjects whose study treatment was discontinued were to continue in the study and attend
all remaining scheduled study visits.
Subjects could be permanently discontinued from study drug because of the appearance of an
unacceptable adverse event. If a subject was withdrawn due to an adverse event, the event
was followed by the Investigator through contact with the subject until resolution or
stabilization had occurred or the subject was lost to follow up and could not be contacted.
Study Endpoints
The ultimate goal for treatment of lupus nephritis is to preserve long-term renal function. Early
lupus nephritis studies measured improvement of definitive renal outcomes such as doubling of
serum creatinine concentration or the development of end-stage kidney disease over the
course of several years 30. In order to conduct shorter clinical trials more recent studies have
employed the use of composite primary endpoints that captures several assessments of kidney
function over time to predict long-term kidney function. These parameters include proteinuria,
serum creatinine, estimated GFR, and urine sediment.
The ultimate goal of a treatment is to produce a beneficial impact on how a patient may feel,
function, or survive. Being able to assess the clinical benefit accurately is critical to being able to
make accurate benefit:risk conclusions about treatment. With lupus nephritis, the ultimate goal
of treatment is the long-term survival of the kidney as a major organ, and ultimately, the
patient. We know that patients with lupus nephritis have increased mortality and die earlier
than SLE patients without lupus nephritis; and we know that development of end-stage renal
disease also confers the highest mortality rates among SLE patients. Importantly, we also know
that 10-year survival improves from 46% to 95%, if disease remission can be achieved. 31,32
These important outcomes are extremely difficult to assess in the time-frame of a feasible premarketing randomized, controlled trial, and have made it difficult to develop and approve
effective therapies for lupus nephritis. In light of this high unmet medical need, in this
application FDA has considered the practical, intermediate goals of clinical treatment being
operationalized by clinicians in practice every day for their patients, the various criteria
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31

123

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
proposed for establishing an efficacy endpoint, and the information available from published
literature.
While there may not be studies to address every proposed criterion for the proposed endpoint,
there is information to support many of the important criteria. Specifically, proteinuria and
renal function are measures that have been shown to be a reflection of the mechanistic
pathway of interest, given known pathophysiologic processes of immune-mediated
inflammation, leading to renal parenchymal damage, scarring, and dysfunction. Further, many
decades of experience with empiric immunosuppressive therapy used to suppress this immunemediated inflammation have in fact been associated with an improvement in survival, when the
immunosuppressive therapy used has acceptable safety for chronic use. 33 Renal response
endpoints based on improvements in proteinuria and renal function are practical and feasible
endpoints that have been successfully used in clinical studies of lupus nephritis and have
consistently correlated with improvements in clinically meaningful long-term outcomes, e.g.,
lower risk of progression to end-stage renal disease and death. 34,35
Historically, sponsors have been encouraged to evaluate three components as part of the renal
response; these include improvements in renal function as read by serum creatinine (sCr) or
estimated glomerular filtration rate (eGFR), urinary sediment, and proteinuria. The data in the
scientific literature indicate that reduction in proteinuria at 12-months is a useful predictor of
long-term outcomes in patients with lupus nephritis. Specifically, proteinuria reduction to 0.50.7 g/day in response to treatment is associated with increased long-term kidney survival and is
recommended as a treatment target in LN. The Euro-Lupus Nephritis Trial (ELNT) was a
European-based multicenter, prospective, randomized trial in a mostly Caucasian European
population that compared glucocorticoids in combination with either high-dose or low-dose
intravenous cyclophosphamide for induction treatment of proliferative lupus nephritis. 36
Analysis of the data from the ELNT showed the level of proteinuria (< 0.8 g/day) at 12-months
was the best predictor of preserved long-term renal function (measured at seven years
(sensitivity 81% and specificity 78%). Additional evaluation of sCr did not improve performance
of the outcome measure, and assessment of urinary sediment decreased the sensitivity. 37
Similarly, investigators evaluated the data from the MAINTAIN Nephritis Trial (MNT), a
European multicenter randomized trial comparing azathioprine and MMF as maintenance
treatment for lupus nephritis after induction with low-dose Euro-Lupus IV cyclophosphamide. 38
The achievement of proteinuria <0.7 g/day best predicted good renal outcome at seven years
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after 12-months of treatment. Addition of urinary red blood cells to proteinuria decreased
sensitivity from 71% to 41%. 39 Due to concerns that proteinuria can be impacted by variables
other than disease activity and because sCr/eGFR are more direct measures of renal function,
sCr/eGFR continue to be considered important for the assessment of renal response endpoints.
Thus, the definition of a complete renal response that includes stringent criteria for nearnormalization of proteinuria and stabilization/improvement in renal function is considered to
be reasonably supported as an endpoint to reliably predict a clinically meaningful benefit in
lupus nephritis.
Based on the above contextual information, although there are practical limitations that have
impeded the ability to definitively validate endpoints to the desired clinical outcomes of
reduction in progression to endstage renal disease and death, there is also an abundance of
epidemiologic, therapeutic, and pathophysiologic evidence that supports use of proteinuria and
renal function as relevant interim outcomes that can reliably predict the impact of treatment
on important long-term clinical outcomes.
The primary efficacy endpoint was the proportion of patients achieving complete renal
response at Week 52. Complete renal response was defined as follows (both must be met):
line in eGFR of >20% or
no treatment- or disease-related eGFR-associated event (defined as blood creatinine
increased, creatinine renal clearance decreased, glomerular filtration rate decreased,
serum creatinine increased, renal impairment, renal failure, or renal failure acute) at
time of assessment.
In order to be considered a responder, the patient must not have received more than 10 mg
who received rescue medication or withdrew from the study were considered non-responders.
The primary endpoint estimand is the proportion of subjects showing renal response as
adjudicated by the CEC in the ITT population when comparing voclosporin and placebo at Week
52. It is assessed in all randomized subjects who were recruited according to the
inclusion/exclusion criteria of the protocol.
Key secondary endpoints were selected to capture clinically meaningful endpoints used to
support the findings of the primary endpoint and included:
•
•
•

39

Partial renal response as defined by 50% reduction from baseline in UPCR at Weeks-24
and 52
Time to 50% reduction in UPCR from baseline

Tamirou F, et al. Lupus Sci Med. 2015; 2: e000123.
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•

Adjudicated Renal response at Week 24 (based on the definition of the primary
endpoint; steroid dosing was assessed between Weeks 16 and 24 and only rescue
medication taken prior to the Week 24 assessment disqualified a subject from response)

In addition to the key secondary endpoints, the Applicant included the following secondary
endpoints in the study. The analysis was performed sequentially to control multiplicity.
•

•
•
•

•

•

•

•

allowing a single spike in UPCR])
Change from baseline in UPCR at each time point
Change from baseline in serum creatinine, urine protein, and eGFR at each time point
Proportion of subjects experiencing a confirmed >30% decrease from baseline in eGFR
at each time point. (A confirmed eGFR decrease of >30% was defined as a clinically
significant [>30%] decrease in eGFR from baseline at any two consecutive time points.)
Change from baseline in immunology parameters (complement component 3 [C3],
complement component 4 [C4] and anti-double stranded deoxyribonucleic acid [antidsDNA]) at Weeks 24 and 52
Renal response with low-dose steroids at Week 24 and Week 52 (defined as renal
and Weeks 44 to 52, respectively)
Change from baseline in the Safety of Estrogens in Lupus Erythematosus National
Assessment - Systemic Lupus Erythematosus Disease Activity Index (SELENA-SLEDAI)
score at Weeks 24 and 52
Change from baseline in health-related quality of life (HRQoL) at Weeks 12, 24, and 52
Health Resource Utilization at Weeks 24 and 52

If any subject is discontinued from study treatment, the reason for discontinuation were
documented in the eCRF. The subjects who are discontinued from study treatment were
encouraged to undergo all study assessments up to and including (Week 52 or Early
Termination Visit –Visit 15).
Statistical Analysis Plan
Three analysis populations were defined for this study:
The Intent-to-Treat (ITT) population was based on ITT principles and comprised all
subjects who were randomized to treatment. Subjects were analyzed based on the
treatment to which they were randomized.
The Per-Protocol (PP) population comprised all subjects from the ITT population who did
not have any major protocol violations (i.e., deviations considered to have a serious
impact on the efficacy results).
The Safety population comprised all randomized subjects who took at least one dose of
study treatment. Subjects were analyzed based on the treatment received. Subjects
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who received treatment from more than one arm were to be assigned to the
voclosporin arm.
The primary endpoint, proportion of subjects showing renal response at Week 52 was
compared across the two study arms using a logistic regression model with covariates for
treatment baseline UPCR, biopsy class, MMF use at baseline and region. Patients who withdrew
from the study, failed to taper steroids, or initiated rescue medications were non-responders in
the analysis. Renal response at Week 52 was adjudicated by the Clinical Endpoint Committee
based on the UPCR data, eGFR data, steroid taper data, rescue and prohibited medication data
and adverse event data. Subgroup analyses were performed to compare the treatment effect
by demographic characteristics, baseline disease characteristics, and baseline medication use.
The Applicant performed the following supplementary analyses on the primary endpoint and
are included in this review:
Renal response at Week 52 was derived
programmatically and analyzed in an identical fashion to the primary analysis. All
components of the primary response endpoint were independently programmed apart
from the use of rescue medication. The Clinical Endpoint Committee adjudication on the
use of rescue medication was incorporated into the programmed endpoint.

responses)
The secondary endpoints of renal response at Week 24, partial renal response at Week 24 and
Week 52, and renal response with low-dose steroids at Week 24 and Week 52 were analyzed
using logistic regression as for the primary endpoint, incorporating baseline variables within the
model as appropriate.
A Hochberg step-up procedure was used to maintain the overall type-1 (false-positive) error
rate of 5% for the primary and key secondary efficacy endpoints. If the primary endpoint was
significant, the key secondary endpoints were tested using the Hochberg procedure. Time to
event endpoints for time to UPCR <0.5 mg/mg, 50% reduction in UPCR and duration of UPCR
<0.5 mg/mg were measured from baseline as the number of weeks from day of randomization
to the day of the event. Subjects who did not experience an event were censored on the day of
their last assessment of UPCR. Time-to-event was estimated using Kaplan-Meier methodology
and analyzed by comparing the survivor function between treatment arms. A Cox proportional
hazards model was performed to assess the significance of the differences between treatment
arms. The model included terms for treatment, baseline UPCR, biopsy class, and MMF use at
baseline.
The following intercurrent events were defined in the SAP:
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Treatment discontinuation for any reason
Study discontinuation
Rescue medication taken at any time prior to the primary assessment at one year
Death at any time prior to the one year primary assessment
The subjects who discontinued treatment remained in the study, allowing the primary endpoint
to be assessed at one year. However, subjects who discontinued from the study, took rescue
medication, or experienced death were considered non-responders in the primary analysis. The
sensitivity of primary analysis model was explored analyzed using two different logistic
regression models: the first sensitivity analysis included only a term for treatment while the
second sensitivity analysis included terms for treatment, baseline UPCR, biopsy class and MMF
use at baseline (i.e., omitting the regional covariate). To evaluate the impact of the nonresponder (NR) imputation (i.e., a composite strategy) used on renal response endpoints for
each intercurrent event, additional sensitivity analyses were performed. Patients who failed to
taper steroids or initiated rescue medications were handled with treatment policy strategy,
while patients who withdrew from the study were still handled with NR imputation, and the
results were compared with the primary analysis. The completer’s analysis only used data from
patients that completed the Week 52 assessment and did not discontinue study drug. To
evaluate the impact of missing data on the primary efficacy analysis, the applicant performed a
tipping point analysis. The primary analysis was repeated under all possible scenarios for the
responder status (responder or non-responder imputation) for subjects with missing response
data at Week 52. In the tipping point analysis, the treatment effect was estimated under
varying assumptions about the outcomes of the dropouts in each treatment group. The analysis
was two-dimensional, which allowed assumptions about the missing outcomes on the two arms
to vary independently and included scenarios where dropouts on voclosporin had worse
outcomes than dropouts on placebo. For subjects with missing response data at Week 52,
responder statuses were imputed in an increasing manner by subject level for each treatment
group. Specifically, for each subject, a responder/non-responder status was imputed starting
with the scenario where all subjects with missing data in a treatment group were considered
non-responders and systematically proceeding to the scenario where all subjects with missing
data in that treatment group were considered responders.
Multiple imputation was used for each pair of response rates under consideration. Both the
imputation model and the analysis model incorporated the covariates used in the primary
analysis: treatment arm, MMF use at screening, biopsy class, baseline UPCR and region. The
details of the analysis is given in 17.6.1.
Sample Size Calculation
A planned sample size of 324 subjects (162 subjects per treatment arm) was chosen to ensure
80% power to detect the difference between a placebo response rate of 20.0% and a
voclosporin response rate of 34.4% (odds ratio = 2.1), at a 2-sided significance level of 0.05
using the two-group continuity-corrected Chi squared test. Subjects withdrawing for any reason
were considered as non-responders in the primary analysis.
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Multiple Comparisons
The comparison of voclosporin 23.7 mg BID versus placebo in the primary efficacy endpoint,
renal response at Week 52, was tested first at a 0.05 significance level. Once rejected the
primary analysis, the Hochberg step-up procedure was used to adjust for multiple comparisons
amongst key secondary endpoints and maintain the overall type-1 error rate (Figure 4).
Figure 4. Hochberg Procedure

In the Hochberg method, the p-values from the key secondary efficacy endpoints will be
ordered from smallest to largest. The largest of these p-values will be compared to a
significance level of 0.05. If the test rejects the null hypothesis of no treatment difference, then
all p-values for the key secondary efficacy endpoints for voclosporin 23.7 mg BID versus Placebo
treatment group were to be declared statistically significant. If the largest p-value is not less
than 0.05, then this p-value will not be declared statistically significant and testing will proceed
according to Hochberg method 40.
Protocol Amendments
The AURORA-1 protocol had one major amendment submitted on May 15, 2017. The majority
of changes to the protocol were responses to regulatory feedback, clarifications and editorial
changes. Major amendments as they relate to the US studies are as follows:

40

Hochberg (1988) A sharper Bonferroni procedure for multiple tests of significance. Biometrika 75(4):800-802
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Change in the time point for the primary efficacy endpoint from Week 24 to
Week 52.
Change in the primary and secondary efficacy endpoints for renal response.
Specifically, changing the primary composite efficacy endpoint from including
Addition of a secondary endpoint for decrease in eGFR.
Change in the time window of the biopsy used for screening and to include
Class V lupus nephritis.
Change in handling increases in blood pressure or hypertension and pulse.
Change in stratification of randomization to only include biopsy class and prior
MMF use.
Clarification of adverse events versus treatment emergent adverse events with
the later being defined as any adverse event occurring after the first dose of
study drug.
8.1.1.2 AUR-voclosporin-2012-01 (AURA-LV)
“A Randomized, Controlled Double-blind Study Comparing the Efficacy and Safety of Voclosporin
(23.7 mg BID, or 39.5 mg BID) with Placebo in Achieving Remission in Patients with Active Lupus
Nephritis”
Study AURA-LV was a phase 2, prospective, randomized, placebo-controlled, double-blind,
parallel-group, international, multicenter, 3-arm comparison study of voclosporin versus
matching placebo (Figure 5). The study was conducted from June 2014 to July 2016 in 79
centers in 20 countries in Europe, the Americas, and Asia. The primary objective of the study
was to assess the efficacy of two doses of voclosporin compared to placebo in achieving
complete response after 24-weeks of therapy in subjects with active lupus nephritis. There
were two fixed-dose treatment arms (each with a matched placebo): voclosporin 23.7 mg BID
and 39.5 mg BID. The subjects were randomized in a ratio of 2:2:1:1 to receive either dose of
voclosporin or matched placebo. Randomization was stratified by lupus nephritis renal biopsy
class (Class V only versus Others) and by MMF use at time of screening.
All subjects were started on voclosporin (23.7 mg BID) or 3 capsules of placebo BID for the first
2 weeks (Day 0 to Week 2 visit). Those randomized to Arms A or C (low-dose arms) remained on
this regimen. However, after the Week 2 visit, those randomized to Arms B or D (high-dose
arms) were had their doses increased by 2 capsules BID to voclosporin 39.5 mg BID or 5
capsules of placebo BID, respectively. All subjects were also to receive 2 g/day MMF; subjects
who were not already taking MMF prior to randomization received 1 g/day for the first week,
increasing to 2 g/day on Day 8. In addition, all subjects were to receive 500 mg/day intravenous
(IV) methylprednisolone on Days 1 and 2 (250 mg/day for subjects weighing <45 kg) before
changing to a tapering course of oral corticosteroid therapy on Day 3.
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Figure 5. Study Schematic of Study AURA-LV

Source: Applicant

All subjects were scheduled for assessment of efficacy and safety at Day 1, Day 2, Weeks 2, 4,
8, 12, 16, 20, 24, 26, 36, 48 (end of treatment), and Week 50 (follow-up). Subjects who
discontinued study treatment or withdrew from the study were followed for all study
assessments up to the end-of-treatment/early termination assessment visit.
All study personnel and subjects were blinded to study medication. Voclosporin was orally
administered at a dose of 23.7 mg BID given as three 7.9 mg softgel capsules per dose or
voclosporin 39. 5 mg BID given as five 7.9 mg softgel capsules per dose. Similarly, matching
placebo softgel capsules were orally administered at a dose of three or five capsules BID,
respectively. The randomization schedule was not available at the study center, or to the study
monitors, study statisticians, the Applicant’s project team or the Clinical Research Organization.
During the course of the study, ten subjects were unblinded to study personnel due to
expedited reporting requirements for suspected serious adverse events.
Major inclusion criteria:
-of-age
Previous diagnosis systemic lupus erythematosus according to the American College of
Rheumatology criteria (1997)
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Kidney biopsy result within six months prior to screening indicating Class III, Class IV-S,
or Class IV-G, or Class V, alone or in combination with Class III or Class IV lupus nephritis.
Laboratory evidence of active nephritis:
o Class III, Class IV-S, or Class IV-G lupus nephritis
-hour
urine collection and def
o Class V (alone or in combination with Class II or IV)
-hour
Subject required high-dose corticosteroids and immunosuppressive therapy in the
opinion of the Investigator
Major exclusion criteria:
2

at screening confirmed before randomization as calculated by
the Chronic Kidney Disease Epidemiology Collaboration (CKDEPI)
Serum potassium >5.5 mmol/L at screening
Subject requiring renal dialysis
History of previous kidney transplant or planned kidney transplant
Medical history of
o Congenital or acquired immunodeficiency
o Significant history of drug or alcohol abuse within the previous two years
o Malignancy within five years of screening with the exception of basal and
squamous carcinomas treated by excision
o Lymphoproliferative disease or previous total lymphoid irradiation
o Severe viral infection (e.g., HBV, HCV, HIV, cytomegalovirus) within three months
of screening
o Active tuberculosis or known history of tuberculosis
Clinically significant active medical conditions including cardiovascular disease hepatic
dysfunction, chronic obstructive pulmonary disease, asthma, bone marrow insufficiency
unrelated to systemic lupus erythematosus, active bleeding disorder, current active
infection, physical or psychiatric illness within previous six months that would interfere
with study assessments
Subjects who were pregnant or breast feeding
Any overlapping autoimmune condition for which the condition or the treatment of the
condition would have affected the study assessments or outcomes
No vaccines using live organisms
The selection of the voclosporin 23.7 mg BID and 39.5 mg BID was based on previous
experience with voclosporin in healthy subjects and in other autoimmune indications (i.e.,
plaque psoriasis, non-infectious uveitis and renal transplant). In these studies, voclosporin
dosing ranged from 0.2 mg/kg BID to 0.8 mg/kg BID. Using an integrated safety analysis
comparing doses of 0.2 mg/kg BID, 0.3 mg/kg BID, 0.4 mg/kg BID and 0.6 mg/kg BID, the
Applicant observed a dose-dependent increase in the number and severity of adverse events
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and serious adverse events. Additionally, population PK analyses of voclosporin concentrations
from the clinical development programs demonstrated that weight did not have a significant
effect on the PK of voclosporin and it was concluded that weight-base dosing was unnecessary.
To ensure the safety of subjects randomized to the voclosporin 39.5 mg group, subjects were
started on voclosporin 23.7 mg BID for the first two weeks following randomization and
titrated up to 39.5 mg BID at Week 2. The protocol contained detailed provisions as outlined in
Section 6.1.1 for dose management of study drug based on decreases of eGFR and elevation of
blood pressure.
All subjects received 250 mg to 500 mg IV methylprednisolone on Day 1 and Day 2. Oral
corticosteroid therapy was started on Day 3 for all subjects. The starting dose of oral
pr
was reduced according to a prespecified tapering schedule with the aim for all subjects to
have their corticosteroid dose reduced to 2.5 mg/day by the end of Week 16.
Subjects who were receiving MMF prior to randomization continued without interruption.
Approval by the Medical Monitor was required for subjects taking a dose other than 2 g/day
MMF from randomization onwards. Subjects on azathioprine or mycophenolate sodium at
screening were switched to MMF at baseline.
For subjects who were MMF naïve prior to randomization, the dosing of MMF started at 0.5 g
BID for a total daily dose of 1 g/day for the first week, increasing to 1 g BID for a total daily
dose of 2 g/day for the second and subsequent weeks (i.e., beginning on Day 8). Dose
changes or interruptions were permitted for clearly documented safety reasons only,
including gastrointestinal disturbance and decreases in absolute neutrophil count.
Treatment compliance with study drug was assessed by maintaining adequate drug dispensing
and return records and a drug dispensing log was maintained by Investigators. Subjects were
required to return all unused study medication and empty containers and the capsule count
was recorded. Compliance was determined by dividing the number of softgel capsules taken by
the expected number of softgel capsules to be taken (based on dose) over the subject’s
participation in the study.
Any concomitant treatment administered during the study was recorded. Use of topical
corticosteroids, antimalarials and herbal supplements were allowed. However, any class of
medications not mentioned in the protocol and with the potential to interfere with
evaluation of the study treatment had to be discussed and documented with the Medical
Monitor. The following medications were prohibited and could not be taken during the study.
IV corticosteroids within two weeks prior to screening
Enteric and nonenteric coated oral corticosteroids during the study other than as
required by the protocol were prohibited
IV immunoglobulin treatment within two weeks prior to screening
Cyclophosphamide within four weeks prior to screening
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Cholestyramine or other drugs that would interfere with enterohepatic recirculation
of MMF within four weeks prior to screening
Initiation or change in dosing of ACE-I or ARBs within four weeks prior to
randomization
Cyclosporine or tacrolimus within one month of screening
Immunosuppressive biologic agents
Live vaccines
MMF doses other than 2g/day without prior authorization of the Medical Monitor
Concomitant therapy with other immunosuppressants after randomization
Use of ketoconazole or rifampin
Concomitant use of other CYP3A4/5 inhibitors and inducers was to be discussed with
the Medical Monitor
Every effort was made for subjects who withdrew from the study, either voluntarily or at the
Investigator’s discretion, to undergo end of study assessments. If a subject refused the end of
study procedures, the reason for refusal was documented. If a subject withdrew without
providing a reason, it was recorded as withdrawal of consent. Withdrawn subjects were not
replaced.
If any subject was discontinued from study drug, the reason for discontinuation was
documented. If the reason for discontinuing study treatment was an adverse event or an
abnormal laboratory test result, the specific event or test was recorded. Except for cases
involving pregnancy, subjects who were discontinued from study treatment were to undergo
all study assessments up to and including the Week 50 follow-up visit.
Subjects were to be discontinued from study drug due to a suboptimal clinical response. The
Investigator was to contact the Medical Monitor to discuss further continuation in the study if
the subject met one of the two following criteria:
After 12 weeks of treatment, the subject showed a confirmed >30% decrease from
baseline value in eGFR in two successive measurements separated by at least four
weeks.
OR
After eight weeks of treatment, the subject showed a confirmed reduction in UPCR of
If subjects required treatment with IV methylprednisolone or any rescue medication other than
that permitted in the protocol, they had to be permanently discontinued from the study
treatment and were considered a treatment failure. Subjects who were permanently
discontinued from study treatment were treated as deemed appropriate by the Investigator.
Subjects whose study treatment was discontinued were to continue in the study and attend all
remaining scheduled study visits.
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Subjects could be permanently discontinued from study drug because of the appearance of an
unacceptable adverse event. If a subject was withdrawn due to an adverse event, the event
was followed by the Investigator through contact with the subject until resolution or
stabilization had occurred or the subject was lost to follow up and could not be contacted.
Study Endpoints
The primary endpoint of the study was the proportion of subjects achieving complete response
at Week 24. Complete response was defined as follows:
2

or no confirmed decrease from baseline in eGFR of >20%,
AND
Subject did not receive any rescue medication for lupus nephritis, AND
during Weeks 16 through 24
To be disqualified from a renal response, the subject had to fail both eGFR measures (i.e., eGFR
<60 mL/min/1.73 m2 AND confirmed >20% drop from baseline) and have an associated
treatment-related or disease-related adverse event that impacted eGFR.
Key secondary endpoints were selected to capture clinically meaningful endpoints used to
support the findings of the primary endpoint and included:
•
•

•
•

•
•
•
•

Complete response as per the primary endpoint analyzed at Week 48.
Complete response in the presence of low dose steroids at Week 24 (defined as
confirmed complete response
(defined as confirmed complete response
Time to complete response.
Time to (and proportion achieving) early, sustained complete response (defined as
complete response which occurs on or before Week 24 which is sustained through
Week 48).
Time to sustained complete response (defined as the first occurrence of complete
response which is sustained through Week 48).
Duration of complete response (in months).
Partial response as defined by 50% reduction in UPCR from baseline at Weeks 24 and
48.
Time to partial response.

Statistical Analysis Plan
The proportion of subjects achieving response at Week 24 was summarized for each treatment
group and the relative response rates for each active treatment group compared to placebo
was determined using logistic regression. Odds ratios and two-sided confidence intervals for
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each of the two treatment comparisons (voclosporin compared to placebo) were reported. All
other binary endpoints were analyzed in a similar fashion.
Time-to-event endpoints were analyzed using Kaplan-Meier methodology. Active treatment
groups were compared to placebo using a log-rank test. Other endpoints were summarized by
visit and differences between baseline and on treatment values at Weeks 24 and 48 were
analyzed using analysis of variance.
No adjustment was made to control the type I error probability across the multiple treatment
comparisons in this Phase 2 study.
Sample Size Calculation
Using a two-sided alpha of 0.05 and assuming a response rate of 20% in the placebo arm, the
applicant computed that a sample size of 86 subjects per arm would provide 81% power to
detect a significant difference should either of the active voclosporin arms have a response rate
of 41% (odds ratio = 2.78).
Protocol Amendments
The original protocol was finalized on July 12, 2012 and subsequently underwent three protocol
amendments with the final protocol amendment submitted on October 15, 2014.
The majority of changes to the protocol were responses to regulatory feedback, clarifications
and editorial changes. Major amendments as they relate to the US studies are as follows:
Change in management of elevated blood pressure.
Alteration in the eGFR thresholds that trigger dose adjustments.
Renal adverse events followed until resolution or stabilization.
Confirmation that lipid-lowering therapies and antimalarials should be part of
standard of care therapy for subjects with active lupus nephritis.
The presence or absence of active urinary sediment will be included as a
secondary endpoint.
Each of these protocol amendments to the US studies improved the safety of
participating subjects without affecting the overall study conduct or interpretability.
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Study Results
8.1.2.1 Compliance with Good Clinical Practices
The Applicant has provided attestation that the study was conducted in accordance with the
CFR governing the protection of human subjects (21 CFR part 50), Institutional Review Boards
(21 CFR part 56), and the obligations of the clinical investigators (21 CFR 312.50 to 312.70) in
accordance with good clinical practice.
8.1.2.2 Financial Disclosure
A financial disclosure review was conducted for AURORA-1, AURA-LV and AURION. Because
many investigators participated in more than one study, a combined review of the financial
disclosures will be presented. Table 21 shows the total number of investigators identified in
each of the lupus nephritis studies that were evaluated for financial disclosure based on the
investigator information.
Table 21. All Five Phase 3 Studies: Total Number of Investigators in Registrational Studies

Study
AURORA-1
AURA-LV
AURION

Total Number of
Investigators
681
178
11

Number of Principal
Investigators
142
79
2

Number of Subinvestigators
539
199
9

Adapted from Applicant’s Financial Certification and Disclosure attachment, Tables 1, 2 and 3

None of the investigators had disclosable financial interests/arrangements. Per report of the
Applicant, no investigators received significant payments; no investigators had proprietary
interest in the product being tested held by the investigator; no investigator had significant
equity interest in the Sponsor covered study.
These financial disclosures do not raise concerns regarding the integrity of the lupus nephritis
studies as the Applicant took steps to minimize potential bias of clinical investigators by using
proper study design and operations. The clinical studies were blinded to the study site
personnel and the participating subjects through the primary endpoint collection for the
studies. Each active dose of investigational drug product was identical in appearance to its
matched PBO and each subject was randomly assigned to their treatment arm independent of
the investigator and the study site. Additionally, the number of subjects enrolled at the
individual investigator sites were small compared to the total number of subjects enrolled in
the overall study.
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8.1.2.3 Data Quality and Integrity
The Office of Scientific Investigations has completed their onsite inspection as of October 8,
2020 and is awaiting completion by the Office of Regulatory Affairs. Preliminary findings are
that no significant deficiencies were identified during all three inspections.
8.1.2.4 AURORA-1
8.1.2.4.1 Subject Disposition
The applicant screened a total of 728 subjects to obtain 357 randomized subjects (178 to the
placebo arm and 179 to the voclosporin arm) from 142 sites in 27 countries. The disposition of
subjects in the study was found to be imbalanced across the two study arms, with higher
patient dropout from the placebo arm than the voclosporin arm (Table 22). Up to Week 52, the
time point of the primary endpoint assessment, 47 (13.2%) patients had withdrawn from the
study: 31 (17.4%) patients from placebo and 16 (8.9%) patients from voclosporin arm. The most
common reason for early withdrawal from the study was withdrawal of consent which
accounted for nearly half of all withdrawals in both arms: 14/31 subjects in the placebo arm
and 7/16 subjects in the voclosporin arm.
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Table 22: Subject Discontinuation (Study Withdrawals) of Study in AURORA-1
Placebo
(N=178)
n (%)

Voclosporin 23.7 mg
(N=179)
n (%)

Overall
(N = 357)
n (%)

Study Withdrawal

31 (17.4)

16 (8.9)

47 (13.2)

Primary reasons for study
withdrawal
Intolerable adverse event
Death
Lost to follow up

0
5 (2.8)
3 (1.7)

2 (1.1)
1 (0.6)
1 (0.6)

2 (0.6)
6 (1.7)
4 (1.1)

Physician decision

3 (1.7)

2 (1.1)

5 (1.4)

Prohibited medication required

0

1 (0.6)

1 (0.3)

Pregnancy

0

1 (0.6)

1 (0.3)

Protocol non-compliance
Withdrawal of consent
Lack of efficacy

1 (0.6)
14 (7.9)
1 (0.6)

1 (0.6)
7 (3.9)
0

2 (0.6)
21 (5.9)
1 (0.3)

Other

4 (2.2)

0

4 (1.1)

Source: Statistical Reviewer

In this study, 102 (28.6%) subjects discontinued from study treatment: 59 subjects (33.1%) in
the placebo arm and 43 subjects (24.0%) in the voclosporin arm (Table 23). The most common
reason for study treatment discontinuation was intolerable AE (24 subjects [13.5%] in the
placebo arm and 23 subjects [12.8%] in the voclosporin arm).
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Table 23: Treatment Discontinuation of Study in AURORA-1
Placebo
Voclosporin 23.7 mg
(N=178)
(N=179)
n (%)
n (%)
Study treatment
discontinuation

Overall
(N = 357)
n (%)

59 ( 33.1)

43 ( 24.0)

102 ( 28.6)

24 ( 13.5)
3 ( 1.7)
2 ( 1.1)

23 ( 12.8)
0
1 ( 0.6)

47 ( 13.2)
3 ( 0.8)
3 ( 0.8)

Physician decision

2 ( 1.1)

2 (1.1)

4 ( 1.1)

Prohibited medication required

0

2 ( 1.1)

2 ( 0.6)

Pregnancy

0

1 (0.6)

1 (0.3)

Protocol non-compliance
Withdrawal of consent
Lack of efficacy

0
9 ( 5.1)
11 ( 6.2)

2 ( 1.1)
5 ( 2.8)
4 ( 2.2)

2 (0.6)
14 ( 3.9)
15 ( 4.2)

Other

7 ( 3.9)

3 ( 1.7)

10 ( 2.8)

Primary reasons for study
treatment discontinuation
Intolerable adverse event
Death
Lost to follow up

Source: Statistical Reviewer

8.1.2.4.2 Subject Demographics and Baseline Disease Characteristics
From the baseline patient characteristics given in the table below (
Table 24), the two treatment arms were generally comparable and had similar patient profiles.
The average age of subjects in the study was 33 years and majority of the subjects were female
(88%). Most subjects were White (36.1%) or Asian (30.5%), and approximately one third of the
study population was Hispanic or Latino. There were no large imbalances in demographic or
disease characteristics between the two study groups.
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Table 24. Subject Demographics of AURORA-1

Age, Mean (SD)
Age Group, n (%)
<=30
>30
Sex, n (%)
Female
Male
Race, n (%)
American Indian Or
Alaska Native
Asian
Black or African American
Multiple Race
White
Other
Geographic Region, n (%)
Asia Pacific
Europe + South Africa
Latin America
North America
Weight at Screening (kg), Mean (SD)
Height at Screening (cm), Mean (SD)
BMI at Screening (kg/m2), Mean (SD)

Placebo
(N=178)
33.7 (11)

Voclosporin 23.7
mg (N=179)
32.8 (10.9)

Overall
(N=357)
33.2 (11)

83 (46.6)
95 (53.4)

89 (49.7)
90 (50.3)

172 (48.2)
185 (51.8)

152 (85.4)
26 (14.6)

161 (89.9)
18 (10.1)

313 (87.7)
44 (12.3)

4 (2.3)
56 (31.5)
13 (7.3)
1 (0.6)
61 (34.3)
43 (24.2)

. (.)
53 (29.6)
21 (11.7)
. (.)
68 (38)
37 (20.7)

4 (1.1)
109 (30.5)
34 (9.5)
1 (0.3)
129 (36.1)
80 (22.4)

52 (29.2)
52 (29.2)
48 (27)
26 (14.6)
66.6 (16.1)
162 (8.7)
25.3 (5.7)

52 (29.1)
52 (29.1)
49 (27.4)
26 (14.5)
66.5 (17.1)
161.1 (8.7)
25.5 (5.8)

104 (29.1)
104 (29.1)
97 (27.2)
52 (14.6)
66.5 (16.6)
161.6 (8.7)
25.4 (5.8)

Source: Statistical Reviewer

Overall, the two treatment arms were similar with respect to SLE history and comorbidities. As
shown in Table 25, the mean time since SLE diagnosis was seven years and the majority of
subjects reported mucocutaneous, musculoskeletal and hematological involvement. The most
common comorbidities were hypertension and hyperlipidemia (data not shown).
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Table 25. Subjects Baseline Disease Characteristics in AURORA-1
Demographic Parameters
Duration of SLE (years)
n
Mean ± SD
Median (min, max)
Mucocutaneous Involvement; n (%)
Every involved
Currently involved
Neurologic Involvement; n (%)
Every involved
Currently involved
Cardiorespiratory Involvement; n (%)
Every involved
Currently involved
Vasculitis; n (%)
Every involved
Currently involved
Hematology; n (%)
Every involved
Currently involved
Antiphospholipid Syndrome
Every involved
Currently involved
Comorbidities
Diabetes Mellitus; n (%)
Hypertension; n (%)
Hyperlipidemia; n (%)
Deep Vein Thrombosis; n (%)
Myocardial Infarction; n (%)
Stroke; n (%)
Adapted from Applicant’s AURORA-1 study report Tables 13 and 14.

Placebo
(N=178)

Voclosporin
(N=179)

177
7±6
6 (1, 30)

179
7±6
4 (1, 38)

144 (81)
80 (450

145 (81)
88 (49)

20 (16)
11 (6)

33 (18)
16 (9)

52 (29)
26 (15)

52 (29)
26 (15)

21 (12)
12 (7)

23 (13)
10 (6)

117 (66)
80 (45)

112 (63)
70 (39)

25 (14)
17 (10)

24 (13)
20 (11)

6 (3)
123 (69)
92 (52)
8 (5)
0
6 (3)

4 (2)
125 (70)
82 (46)
5 (3)
2 (1)
6 (3)

Subjects in both treatment arms reported a mean time of approximately five years since
diagnosis of lupus nephritis as well as similar time since the first incidence of significant
proteinuria defined as >500 mg/day (data not shown).
A total of
-months prior to screening. Twenty-seven
subjects had a kidney biopsy >6-months from screening, and 12 subjects had a
biopsy >12-months prior to screening. As shown in Table 26, the most common kidney biopsy
class for placebo-treated and voclosporin-treated subjects was pure Class IV (n=77 [43%] and
n=91 [51%], respectively). While, 25 (14%) subjects in each treatment arm were reported as
having pure Class V lupus nephritis.
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Table 26. Summary of Kidney Biopsy, UPCR and eGFR at Baseline in AURORA-1

Kidney Biopsy Class; n (%)
Pure Class III
Pure Class IV
Pure Class V
Class II and Class V only
Class III and Class V only
Class IV and Class V only
UPCR (mg/mg)
n
Mean (SD)
Median (min, max)
eGFR (mL/min/1.73m2)
n
Mean (SD)
Median (min, max)

Placebo
(N=178)

Voclosporin
(N=179)

29 (16)
77 (43)
25 (14)
1 (1)
20 (11)
26 (15)

18 (10)
91 (51)
25 (14)
0
24 (13)
19 (11)

178
3.9 ± 2.4
3.1 (0.8, 14.5)

178
4.1 ± 2.7
3.4 (0.2, 15)

178
90.4 ± 29
97 (25, 140)

178
92 ± 31
91 (39, 168)

Adapted from Applicant’s AURORA-1 study report Table 16.

8.1.2.4.3 Protocol Violations/Deviations
Major protocol deviations occurred for 61 (34%) placebo subjects and 67 (37%) voclosporin
subjects. The most common reason for protocol deviations were related to study procedures
(11%), study drug (9%), restricted concomitant medication (9%) and randomization procedure
(7%).
Protocol deviations resulting in the exclusion of a subject from the per-protocol population
were reported in 22 (12%) placebo-treated subjects and 18 (10%) voclosporin-treated subjects.
Two subjects were excluded from the voclosporin arm due to requiring renal dialysis. One
subject from the voclosporin arm was excluded as a result of mistakenly receiving a placebo
study drug kit instead of voclosporin. The mistake was corrected but the subject received
placebo between Week 16 and Week 20.
Overall, the total number of subjects with protocol violations at the time of the primary
endpoint assessment was small and relatively balanced between treatment arms. These
protocol deviations were not considered to have affected the overall assessment of study
results.
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8.1.2.4.4 Treatment Compliance, Concomitant Medications, and Rescue Medication Use
Previous treatments for lupus nephritis were similar between treatment arms and included
corticosteroids, antimalarials and MMF (Table 27). Approximately one-third of subjects from
both groups had received previous treatment with IV cyclophosphamide. A greater
percentage of subjects in the placebo arm had received azathioprine compared to subjects in
the voclosporin group, 34% versus 26%, respectively. Conversely, a greater proportion of
voclosporin-treated subjects were treated with a CNI compared to placebo-treated subjects,
11% versus 6%, respectively. Approximately 60% of subjects in each arm were taking oral
corticosteroids prior to Day 1 and approximately 18% of subjects in both arms received IV
corticosteroids prior to Day 1 (data not shown). Additionally, 50-60% of subjects continued to
take antimalarials after Day 1.
Table 27. Previous Lupus Nephritis Therapies in AURORA-1

Placebo
(N=178)
n (%)
168 (94)
121 (68)
110 (62)
58 (33)
60 (34)
11 (6)
11 (6)

Treatment
Corticosteroids
Antimalarial
Mycophenolate Mofetil
IV Cyclophosphamide
Azathioprine
Calcineurin inhibitor
Methotrexate

Voclosporin
(N=179)
n (%)
168 (94)
118 (66)
114 (64)
65 (37)
47 (26)
19 (11)
15 (8)

Adapted from Applicant’s AURORA-1 study report Table 17.

In general, the concomitant medication profiles for conditions other than SLE prior to Day 1
were similar between treatment arms (Table 28). The majority of subjects diagnosed with
hypertension were treated with an ACE-I or ARB. Other medications included additional
antihypertensive agents, proton pump inhibitors, diuretics, and lipid modifying agents.
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Table 28. Concomitant Medications for Conditions Other than SLE prior to Day 1 in AURORA-1

Number of subjects with 1 concomitant medication

Placebo
(N=178)
166 (93)

Voclosporin
(N=179)
170 (96)

Antihypertensives; n (%)
ACE-I/ARB drugs
Calcium channel blockers
Beta blocking agents

109 (61)
58 (33)
37 (21)

100 (56)
22 (12)
35 (20)

Diuretics; n (%)

52 (29)

44 (25)

Lipid modifying agents; n (%)

52 (29)

39 (22)

Antithrombotic agents; n (%)

30 (17)

34 (19)

Acid reflux-related drugs; n (%)

65 (37)

80 (45)

Adapted from Applicant’s AURORA-1 study report Table 19.

The overall duration of exposure and daily exposure were similar for both treatment arms and
the median compliance was approximately 99% in both groups (data not shown). Compared to
the placebo arm, a greater proportion of subjects in the voclosporin arm had dose changes
during the study due to decreases in eGFR that required a protocol mandated temporary dose
reduction or temporarily stopping of treatment. In most subjects, study treatment was
resumed once the event esulting in a dose decrease/interruption had resolved. More subjects
in the voclosporin arm than the placebo arm were restarted on one capsule (7.9 mg; 29%
versus 14%, respectively) or two capsules (15.8 mg; 29% versus 16%, respectively) BID instead
of the full dose of three capsules (23.7 mg) BID and stayed on this lower dose for the
remainder of the study. At the end of the study, 43% of voclosporin subjects who had a dose
decrease/interruption were back on 23.7 mg BID compared with 65% of placebo subjects. As
per the study design, the mean daily dose of study drug should have been three (7.9 mg)
capsules BID for a total of 47.4 mg daily; however, due to dose reductions/interruptions, the
mean overall daily dose of study drug was 41 mg in the voclosporin group compared to the 45
mg daily in the placebo arm. Only approximately 43% of subjects who experienced a dose
decrease were able to be treated with a full dose of 23.7 mg BID.
Exposure to MMF was similar for both treatment arms in terms of both duration of exposure
and daily dose. Mean overall duration of exposure for placebo-treated subjects was 316 ± 98
days versus 331 ± 87 days for subjects in the voclosporin group. Similarly, the average daily
dose of MMF for subjects in the placebo and voclosporin groups was 2 ± 0.4g/day and 1.9 ±
0.4g/day, respectively.
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As expected per the study design, the duration of exposure to IV methylprednisolone was two
days for both treatment arms with a similar overall total dosage of approximately 1 gram.
The overall duration of exposure for oral corticosteroids was also similar for both treatment
arms; however, the overall mean daily dose was higher in the placebo arm than the
voclosporin arm, 7.7 g vs 7.1 g, respectively. The greater prednisone dose reflects the higher
mean dose observed in the placebo arm from Week 16 through the end of the study. The
majority of subjects were able to have their oral prednisone dose tapered as per protocol
guidance (Table 29). After Week 24, the mean daily oral steroid dose in both arms fluctuated
due to a small number of subjects requiring an increase to control disease symptoms;
however, in general, the mean dose of prednisone in the voclosporin arm was consistently
lower than that in the placebo arm. The small decrease of mean dose of prednisone in
voclosporin subjects is likely not clinically meaningful.
Table 29. Summary of Oral Corticosteroid Taper in AURORA-1 (Dose (mg))
Study Visit
Day 3
n
Mean ± SD
Median (min, max)
Day 28
n
Mean ± SD
Median (min, max)
Day 56
n
Mean ± SD
Median (min, max)
Day 84
n
Mean ± SD
Median (min, max)
Day 118
n
Mean ± SD
Median (min, max)
Day 168
n
Mean ± SD
Median (min, max)
Day 364
n
Mean ± SD
Median (min, max)
Adapted from Applicant’s AURORA-1 study report Table 26.
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Placebo
(N=178)

Voclosporin
(N=179)

178
22. ± 5
25 (0, 20)

178
23 ± 4
25 (0, 40)

177
17 ± 4
16 (0, 25)

178
18 ± 3
20 (5, 40)

176
9±3
10 (0, 16)

177
9±4
10 (0, 40)

175
6±5
5 (0, 60)

176
6 ± 3)
5 (0, 30)

171
5±8
3 (0, 60)

174
3±3
3 (0, 25)

169
5±9
3 (0, 60)

172
5 ± 10
3 (0, 100)

147
6±8
3 (0, 40)

162
4±7
3 (0, 50)

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
8.1.2.4.5 Efficacy Results: Primary Endpoint
The proportion of subjects showing adjudicated complete renal response at Week 52 was
compared between the study arms using a logistic regression model with terms for treatment,
baseline UPCR, biopsy class, MMF use at baseline and region. The results from the primary
analysis are given in Table 30. The proportion of subjects achieving complete renal response
was significantly higher in the voclosporin arm than in the placebo arm (40.8% vs 22.5%) with
an odds ratio of 2.6 (95% CI: 1.6, 4.3).
Table 30. Adjudicated Complete Renal Response at Week 52 (AURORA-1; ITT Population)
Treatment Arm

Response
n (%)

Odds Ratio (vs
95% CI
Placebo)

p-value

Placebo (N=178)

40 (22.5)

2.7

<0.001

Voclosporin (N=179)

73 (40.8)

(1.6, 4.3)

Source: Statistical Reviewer; N=number of subjects in the analysis set, n= number of responders CI=confidence interval

Component analysis of primary endpoint of study AURORA-1
The proportion of responders in each component of the composite primary endpoint between
two study arms is given in Table 31. Logistic regression analyses for each individual component
component for which the observed difference between the two treatment arms was nominally
statistically significant (OR 3.1; 95% CI: (1.9, 5.0)).
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Table 31: Components of Renal Response Endpoint at Week 52 (AURORA-1; ITT Population)
Components in the primary endpoint

eGFR success

Placebo

Voclosporin
23.7 mg

Odds Ratio
(95%)

pvalue

41 (23.0)

81 (45.3)

3.1 (1.9, 5.0)

<.001

135 (75.8)

147 (82.1)

1.5 (0.8, 2.5)

0.1

Source: Statistical Reviewer

In the primary endpoint definition, a patient who met the uPCR and eGFR criteria in the
absence of following intercurrent events was defined as a responder. The intercurrent events
were 1) not receiving any rescue medication for lupus nephritis, and 2) not receiving >10 mg
. The
proportion of patients who experienced these intercurrent events were found to be similar
across treatment arms (Table 32).
Table 32: Intercurrent Events (AURORA-1; ITT Population)
Intercurrent events

Placebo

Voclosporin
23.7 mg

Odds Ratio
(95%)

pvalue

Received no rescue medication for lupus
nephritis

154 (86.5)

163 (91.1)

1.6 (0.8, 3.2)

0.2

Did not receive more than 10 mg
prednisone

152 (85.4)

156 (87.2)

1.3 (0.6, 2.3)

0.5

Source: Statistical Reviewer

According to the protocol, to be disqualified from a renal response, the subject had to fail both
eGFR measures (i.e., eGFR <60 mL/min/1.73m 2 AND confirmed >20% drop from baseline) and
have an associated treatment-related or disease-related adverse event that impacted eGFR.
The eGFR response rate between the two treatment arms were compared according to the
component definition and the results are presented in Table 33.
It is important to note that with the pre-specified criteria for the eGFR component of the CRR
primary endpoint, patients with potentially concerning changes in eGFR (e.g., a decline from 90
mL/min/1.73m2 to 60 mL/min/1.73m 2) could still be considered responders. Therefore, we
requested additional analyses by the applicant to explore response rates using alternative,
more strict criteria for the eGFR components. Using an alternative criteria for eGFR success
defined as no confirmed eGFR decrease of >20%, eGFR success response rates were 136 / 178
(76.4%) in placebo subjects and 140 / 179 (78.2%) in voclosporin subjects. These results suggest
similar eGFR response rates on the two arms. A supplementary analysis of a modified CRR
endpoint derived using the alternative eGFR success definition produced results similar to the
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primary endpoint analysis (placebo: 40 (22.5%), voclosporin 23.7 mg: 74 (41.3%), odds ratio:
2.69, 95% CI: (1.6,4.3)). These results are supportive of a treatment effect that is being driven
primarily by an effect on proteinuria.
Table 33: eGFR Component analysis
eGFR Definitions

Placebo

Voclosporin
23.7 mg

Odds Ratio
(95%)

pvalue

eGFR successa,b

135 (75.8)

147 (82.1)

1.5 (0.8, 2.5)

0.1

eGFR>=60

130 ( 73.0)

139 ( 77.7)

1.3 (0.8, 2.1)

0.3

13 (7.3)

10 (5.6)

0.7 (0.3, 1.7)

0.5

6 (3.4)

7 (3.9)

1.2 (0.4, 3.6)

0.8

eGFR < 60 with no confirmed decrease
>20%
eGFR < 60 mL/min/1.73m2 with confirmed
decrease of >20% but with no diseaserelated or treatment-related eGFR
associated AE present at time of
assessment
Source: Statistical Reviewer

a.
b.

no disease-related or treatment-related eGFR associated AE present at time of assessment
The eGFR subcomponents cannot be added together to derive the total number of eGFR successes as this
does not account for the primary endpoint assessment by the CEC (the CEC did not adjudicate all
outcomes meeting the criteria as successes).

Sensitivity analysis of study AURORA-1
Additional sensitivity analyses using different analyses methods provided similar results to the
primary analysis. In an analysis to assess renal response defined by patients meeting the uPCR
and eGFR criteria alone (ignoring the intercurrent events), the proportion of achieving renal
response was significantly higher in the voclosporin arm than in the placebo arm (43.0 % vs
23.0%) with an odds ratio of 2.8 (95% CI: 1.7, 4.7). In addition, the completer analysis showed
that the voclosporin group had a significantly higher response rate than placebo (OR: 2.4, 95%
CI: 1.5, 2.0). The analyses for the PP population (OR 2.6; 95% CI: (1.6, 4.2)), and for the
programmed renal response (OR 2.3; 95% CI: (1.4, 3.8)) also showed significant evidence of
efficacy for the voclosporin treatment (Table 34).
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Table 34: Additional Analysis on Renal Response at Week 52 (AURORA-1; ITT Population)
Analysis Set

Treatment Arm

Response
n (%)

Per-Protocol
Population

Placebo (N=156)

38 (24.4)

Voclosporin
(N=161)

69 (42.9)

Programmed
Response

Placebo (N=178)

39 (21.9)

Voclosporin
(N=179)

66 ( 36.9)

Sensitivity
Analysis (Meeting
uPCR and eGFR
criteria only)

Placebo (N=178)

41 (23.0)

Voclosporin
(N=179)

77 ( 43.0)

Placebo (N=147)

40 (27.2)

Voclosporin
(N=163)

77 (44.8)

Completer
Anslysis

Odds Ratio
(vs
95% CI
Placebo)

p-value

2.6

(1.6, 4.2)

<0.001

2.3

(1.4, 3.8)

<0.001

2.8

(1.7, 4.7)

<0.001

2.4

(1.5, 2.0)

<0.001

Source: Statistical Reviewer; N=number of subjects in the analysis set, n= number of responders CI=confidence interval

Tipping Point Analysis of AURORA-1
The tipping point sensitivity analysis provided supportive results. In the primary analysis, all
study withdrawals were assumed to be non-responders. Up to Week 52, the time point of the
primary endpoint assessment, 47 (13.2%) patients had withdrawn from the study: 31 (17.4%)
patients from placebo and 16 (8.9%) patients from voclosporin arm. The tipping point analysis
explores what happens when these subjects who withdrew from study prior to Week 52 are
progressively reclassified from non-responders to responders. Figure 6 shows that even if all
voclosporin patients with missing data were truly non-responders, 65% of placebo patients with
missing data would have to be truly responders in order for statistical significance to be lost.
Given that the observed placebo response was 22.5%, the actual response rate for those
withdrawing is unlikely to approach 65%. The results were convincing under all plausible
deviations in the missing data assumptions.
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Figure 6. Tipping Point Analysis (Adjudicated Renal Response at Week 52) for AURORA-1

Source: Statistical Reviewer; The model is based on a logistic regression with terms for treatment, baseline UPCR, biopsy class, MMF
use at baseline and Region.

8.1.2.4.6 Efficacy Results: Secondary Endpoints
The results from the analyses of the four key secondary endpoints in the study were supportive
of the primary efficacy endpoint. Results for each endpoint are shown below:
The proportion
the voclosporin group
compared to the placebo group (64.8% vs 43.8%). The results given in Table 35 show that time
voclosporin compared to placebo (median
time: 169 days vs 372 days; hazard ratio (HR): 2.0; 95% CI: (1.5, 2.7))
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-1; ITT Population)

Table 35.
Number of patients
Treatment Arm

Placebo (N=178)
Voclosporin (N=179)

mg/mg up to week 52
n (%)
78 (43.8)
116 (64.8)

50th percentile
(days)
(95% CI)

Hazard
Ratio

95% CI

2.0

(1.51, 2.70)

372 (295, NC)
169 (141, 214)

Source: Statistical Reviewer; N=number of subjects in the analysis set, n= number of responders CI=confidence interval

The endpoint was further analyzed using the Kaplan-Meier method, the plot (Figure 7) shows
that difference between the two treatments is visible from the first month of treatment and
was sustained throughout the study.
Figure 7: Kaplan-

AURORA-1; ITT Population)

Source: Statistical Reviewer

Complete Renal Response at Week 24
Adjudicated complete renal response at Week 24 was significantly higher in the voclosporin
arm than the placebo arm (32.4% versus 19.7%). Adjudicated complete renal response at Week
24 was based on the definition of the primary endpoint; steroid dosing was assessed between
Weeks 16 and 24 and only rescue medication taken prior to the Week 24 assessment
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disqualified a subject from response. Results given in Table 36 shows that the odds of
responding were 2.2 times greater for subjects treated with voclosporin than placebo (OR 2.2;
95% CI: (1.3, 3.7))
Table 36: Adjudicated Complete Renal Response at Week 24 (AURORA-1; ITT Population)
Treatment Arm

Response
n (%)

Placebo (N=178)

35 (19.7)

Voclosporin (N=179)

58 (32.4)

Odds Ratio (vs
95% CI
Placebo)

p-value

2.2

<0.001

(1.3, 3.7)

Source: Statistical Reviewer; N=number of subjects in the analysis set, n= number of responders CI=confidence interval

Partial Renal Response at Weeks 24 and 52
The proportion of subjects who had a partial renal response (defined as a 50% reduction from
baseline in UPCR) was significantly greater in the voclosporin group at both Week 24 and Week
52 (Table 37). Around 70% of voclosporin patients showed partial renal response compared to
around 50% patients in the placebo arm at weeks 24 and 52.
Table 37: Partial Renal Response at Week 24 and Week 52 (AURORA-1; ITT Population)
Visit

Week 24

Week 52

Treatment Arm

Response
n (%)

Placebo (N=178)

89 (50.0)

Voclosporin
(N=179)

126 (70.4)

Placebo (N=178)

92 (51.7)

Voclosporin
(N=179)

125 (69.8)

Odds Ratio
(vs
95% CI
Placebo)

p-value

2.4

(1.6, 3.8)

<0.001

2.3

(1.3, 3.7)

<0.001

Source: Statistical Reviewer; N=number of subjects in the analysis set, n= number of responders CI=confidence interval
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Time (Days) to 50% Reduction in UPCR from Baseline
A 50% reduction in UPCR from baseline at any time during the study was achieved by 96.6% of
subjects treated with voclosporin compared with 75.8% of subjects receiving placebo (Table
38). The time taken to reach a 50% reduction in UPCR was significantly shorter for the
voclosporin arm than the placebo arm (HR 2.05; 95% CI: 1.62, 2.60; p<0.001). Median time to
50% reduction in UPCR was 29 days for voclosporin versus 63 days for placebo.
Table 38: Time (Days) to 50% Reduction in UPCR from Baseline (AURORA-1; ITT Population)

Treatment Arm

Number of
patients with
50% reduction in
UPCR
n (%)

50th
percentile
(days)
(95% CI)

Placebo (N=178)

135 (75.8)

63 (57, 87)

Voclosporin
(N=179)

173 (96.6)

29 (29, 32)

Hazard
Ratio

95% CI

p-value

2.1

(1.6, 2.6)

<0.001

Source: Statistical Reviewer; N=number of subjects in the analysis set, n= number of responders CI=confidence interval

The Kaplan-Meier curves shows that a greater proportion of patients in the voclosporin group
achieved a 50% reduction in UPCR from baseline over time during the study compared with
patients receiving placebo (Figure 8). Subjects who did not experience 50% reduction in UPCR
were censored at the end of the study.
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Figure 8: Kaplan-Meier Curve of Time (Days) to 50% Reduction in UPCR from Baseline
(AURORA-1; ITT Population)

Source: Statistical Reviewer

8.1.2.4.7 Subgroup Analysis
The subgroup analyses compared primary efficacy analysis results across different subgroups
defined by sex, region, age, race, biopsy class, baseline MMF and UPCR values. The consistency
of the treatment effect on the primary efficacy endpoint across subgroups was analyzed using
logistic regression.
For study AURORA 1, plots of odds ratios for the primary endpoint, adjudicated renal response
at Week 52, by various subgroups are presented in Table 39. The odds ratio obtained from a
similar logistic regression analysis in the overall study population is represented in the top and
the vertical line represents an odds ratio of one, which indicates no difference between the
voclosporin group and placebo group. Points to the right of the line indicate higher responses
for voclosporin relative to placebo and points to the left of the line indicate lower responses for
voclosporin relative to placebo. Although the study was not powered to detect a significant
difference between the two treatments in the individual subgroups, higher estimated response
rates were consistently observed for the voclosporin group compared to placebo group across
the subgroups analyzed.
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Table 39. Estimated Odds Ratios Comparing Voclosporin and Placebo with Respect to
Adjudicated Renal Response at Week 52, Stratified by Selected Subgroups in AURORA-1.

Source: Statistical Reviewer; UPCR: Urine protein to creatinine ratio, MMF: Mycophenolate mofetil, CI: Confidence Interval.
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8.1.2.5 AURA-LV
8.1.2.5.1 Subject Disposition
Out of 443 subjects screened, 265 subjects were randomized to treatment in 79 centers across
20 countries; 88 to the placebo group (46 subjects in low-dose placebo and 42 subjects in highdose placebo), 89 to the low-dose (23.7 mg BID) voclosporin group, and 88 to the high-dose
(39.5 mg BID) voclosporin group. Out of all randomized subjects, 223 (84.2%) subjects
completed the study; 70 (79.5%) subjects in the placebo group, 73 (82.0%) in the low-dose
voclosporin group, and 80 (90.9%) in the high-dose voclosporin group (Table 40). Study
discontinuation was considerably lower in the high-dose group.
There were 13 deaths in the study; one in the placebo group, ten in the voclosporin low-dose
group, and two in the voclosporin high-dose group. The applicant reported that all deaths were
assessed by the investigator as unrelated to study treatment. In addition, according to the
applicant, the majority of the deaths (8/13) occurred in subjects who had not been receiving
MMF prior to screening, and the majority of the deaths 9/13 (69%) occurred during the first few
weeks of initiation of treatment with study drug. The reader is referred to Section 8.2 for a
detailed review of subject deaths.
Table 40. Subject Discontinuation (Study Withdrawal) in AURA-LV
Placebo
(N=88)
n (%)
Study Withdrawal

18 (20.5)

Voclosporin
23.7 mg
(N=89)
n (%)
16 (18.0)

Voclosporin
39.5 mg
(N=88)
n (%)
8 (9.1)

1 (1.1)
3 (3.4)
5 (5.7)
5 (5.7)
4 (4.5)

10 (11.2)
1 (1.1)
1 (1.1)
3 (3.4)
1 (1.1)

2 (2.3)
1 (1.1)
2 (2.3)
2 (2.3)
1 (1.1)

Primary reasons for Study
Withdrawal
Death
Lost to follow up
Physician decision
Withdrawal of consent
Other
Source: Statistical Reviewer
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In this study, 80 (30.2%) subjects discontinued from study treatment: 26 subjects (29.5%) in the
placebo arm, 29 subjects (32.6%) in the voclosporin 23.7mg arm and 25 subjects (28.4%) in the
voclosporin 39.5mg arm (Table 41). The most common reason for study treatment
discontinuation was intolerable AE (24 subjects [13.5%] in the placebo arm and 23 subjects
[12.8%] in the voclosporin arm).
Table 41: Treatment Discontinuation of Study in AURA-LV
Placebo
Voclosporin 23.7 mg
(N=88)
(N=89)
n (%)
n (%)
Study treatment
discontinuation

Voclosporin 23.7 mg
(N=88)
n (%)

26 ( 29.5)

29 ( 32.6)

25 ( 28.4)

9 (10.2)
0 (0.0)

15 (16.9)
6 (6.7)

13 (14.8)
2 (2.3)

1 (1.1)

0 (0.0)

1 (1.1)

Physician Decision

1 (1.1)

1 (1.1)

1 (1.1)

Protocol non-compliance

1 (1.1)

1 (1.1)

1 (1.1)

1 (1.1)

3 (3.4)

2 (2.3)

12 (13.6)
1 (1.1)

2 (2.2)
1 (1.1)

3 (3.4)
2 (2.3)

Reasons for Treatment
Discontinuation
Intolerable Adverse Event
Death
Lost to Follow-up

Withdrawal of Consent by
Subject or Legal Guardian
Lack of Efficacy
Other
Source: Statistical Reviewer

8.1.2.5.2 Subject Demographics and Baseline Disease Characteristics
The subjects’ baseline demographics demonstrated small but potentially meaningful
differences in randomization between treatment arms (Table 42). Both voclosporin arms had
lower mean and median age compared to placebo. Additionally, there was a potentially
meaningful disproportionate number of subjects from Asia randomized to the voclosporin 23.7
mg BID group compared to either the high-dose voclosporin or placebo group (59% vs. 42% vs.
50%, respectively). Of the subjects from Asia, 103/130 (80%) were recruited from Bangladesh,
Sri Lanka and the Philippines, which have regional variations in the risk of infections and limited
access to specialist healthcare services. A total of 47% of Asian subjects randomized to the
voclosporin 23.7 mg BID arm were from these three countries compared to the high-dose
voclosporin or placebo arms, 38% and 32%, respectively (data not shown). The applicant stated
that AURA-LV had a subject randomization system in place throughout subject enrollment, and
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this imbalance could have occurred by chance but became apparent during the investigation of
mortality in the study report.
Table 42. Subject Demographics of AURA-LV

Age

Placebo
N=188

Voclosporin 23.7 mg
BID
N=89

Voclosporin
39.5 mg BID
(N=88)

33.1 (10.0)

31.4 (11.8)

30.6 (9.6)

72 (82.8)
15 (17.24)

76 (85.4)
13 (14.6)

81 (92.1)
7 (7.95)

Sex
Female
Male
Race
American Indian or Alaska
Native
Asian - Indian Subcontinent

3 (3.5)

4 (4.5)

2 (2.3)

18 (20.7)

22 (24.7)

20 (22.7)

Asian - Other

18 (20.7)

30 (33.7)

24 (27.3)

Black

5 (5.8)
42 (48.3)

3 (3.4)
30 (33.7)

6 (6.8)
36 (40.9)

12 (13.8)
75 (86.2)

9 (10.1)
80 (89.9)

13 (14.8)
75 (85.2)

White
Ethnicity
Hispanic or Latino
Not Hispanic or Latino

Source: Statistical Reviewer. Frequency and percent are reported for Age group, sex, race and BMI. Mean and standard deviation are reported
for the rest of the characteristics.

Overall, the three treatment arms were similar regarding hypertension and hyperlipidemia as
the most frequently reported comorbidities and mucocutaneous, musculoskeletal and
hematological involvement the most frequently reported SLE-related manifestations (data not
shown). As shown in Table 43, the mean time since SLE diagnosis was approximately four-years
for all groups and the majority of subjects had Class III/IV lupus nephritis. However, subjects in
the low-dose voclosporin group had a higher mean UPCR, lower mean eGFR, and a greater
number of subjects with low eGFR compared to the other treatment arms suggesting more
severe renal disease.
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Table 43. Subjects Baseline Disease Characteristics in AURA-LV

Demographic Parameters
Duration of SLE (years)
Mean ± SD
Median (min, max)
Biopsy Class; n (%)
Class III/IV
Pure Class V*
Class V **
All except Pure Class V*
Baseline eGFR (mL/min/1.73m2); n (%)
n
Mean ± SD
Median (min, max)
eGFR Category at Screening (mL/min/1.73m2)
90

<30
Baseline UPCR (mg/mg); n (%)
n
Mean ± SD
Median (min, max)
MMF at screening; n (%)
Yes
No

Placebo
(N=88)

Voclosporin 23.7 mg BID
(N=89)

Voclosporin 39.5 mg BID
(N=88)

4±4
1 (0.1, 17)

4±5
2 (0.1, 32)

3±4
1 (0.1, 28)

59 (67)
13 (15)
29 (33)
75 (85)

56 (63)
12 (14)
33 (37)
77 (87)

63 (72)
14 (16)
25 (28)
74 (84)

82
100 ± 27
100 (49, 153)

83
95 ± 28
95 (41, 148)

82
104 ± 27
109 (42, 165)

55 (63)
28 (32)
5 (6)
0

49 (55)
29 (33)
11 (12)
0

57 (65)
25 (28)
6 (7)
0

87
4.4 ± 3.6
3.1 (1, 19)

89
5.2 ± 4.2
3.8 (1, 30)

88
4.5 ± 3
3.7 (1, 17)

32 (36)
56 (64)

31 (35)
58 (65)

29 (33)
59 (67)

Adapted from Applicant’s AURA-LV Clinical Study Report V2.0 Table 16; *Determined post-hoc; **Includes combination biopsy classes AND
Class V

These data demonstrate a disproportionate randomization in the three treatment arms of
Study AURA-LV and suggest that the low-dose voclosporin group included subjects who appear
to have had greater disease activity.
8.1.2.5.3 Protocol Violations/Deviations
Major protocol deviations occurred for 11 (13%) placebo subjects, 11 (13%) low-dose
voclosporin subjects, and 12 (14%) of high-dose voclosporin arms. The most common reason
for protocol deviations in the placebo group were oral corticosteroid taper (5%), discontinued
treatment (3%) and oral corticosteroid use (2%). The most common protocol violations for the
low-dose and high-dose voclosporin arms were use of prohibited medication (6% and 6%,
respectively), discontinued treatment (1% and 4%, respectively), and oral corticosteroid taper
(2% and 2%, respectively).
Overall, the total number of subjects with protocol violations at the time of the primary
endpoint assessment was small and relatively balanced between treatment arms. These
protocol deviations were not considered to have affected the overall assessment of study
results.

160

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)

8.1.2.5.4 Treatment Compliance, Concomitant Medications, and Rescue Medication Use
Previous treatments for lupus nephritis were similar between treatment arms and included
corticosteroids and antimalarials. Although there were minor differences between treatment
arms, in general, MMF, IV cyclophosphamide and azathioprine were all used in approximately
equal proportions to treat lupus nephritis prior to study entry (Table 44). Approximately 45%
of subjects from all groups had received previous treatment with MMF. A greater percentage
of subjects in the placebo arm had received IV cyclophosphamide compared to the
voclosporin treatment arms. Conversely, a greater proportion of subjects in the high-dose
voclosporin arm had received previous treatment with azathioprine compared to low-dose
voclosporin or placebo subjects. Relatively few subjects were previously treated with a CNI.
Approximately 90% of subjects in each arm were taking oral corticosteroids prior to Day 1 and
approximately 60% of subjects in both arms were taking antimalarials.
Table 44. Previous Lupus Nephritis Therapies in AURA-LV

Treatment
Corticosteroids
Antimalarial
Mycophenolate Mofetil
IV Cyclophosphamide
Azathioprine
Methotrexate
Calcineurin inhibitor

Placebo
(N=88)

Voclosporin 23.7 mg BID
(N=89)

79 (90)
58 (66)
39 (44)
40 (45)
34 (39)
5 (6)
3 (3)

82 (92)
58 (65)
43 (48)
36 (40)
28 (32)
4 (5)
3 (3)

Voclosporin 39.5 mg BID
(N=88)

76 (86)
49 (56)
39 (44)
31 (35)
39 (44)
9 10)
7 (8)

Adapted from Applicant’s AURORA-1 study report Table 22

In general, the concomitant medication profiles for conditions other than SLE prior to Day 1
were similar between treatment arms (Table 45). The majority of subjects diagnosed with
hypertension were treated with an ACE-I or ARB. Other medications included additional
antihypertensive agents, proton pump inhibitors, diuretics, and lipid modifying agents.

161

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
Table 45. Concomitant Medications for Conditions Other than SLE prior to Day 1 in AURA-LV

Concomitant medications
Antihypertensives; n (%)
ACE-I/ARB drugs
Calcium channel blockers
Beta blocking agents
Diuretics; n (%)
Lipid modifying agents; n (%)
Antithrombotic agents; n (%)
Acid reflux-related drugs; n (%)

Placebo
(N=88)

Voclosporin 23.7 mg BID
(N=89)

Voclosporin 39.5 mg BID
(N=88)

53 (60)
45 (51)
23 (26)
36 (41)
27 (31)
26 (30)
53 (60)

53 (60)
41 (46)
25 (28)
39 (44)
25 (28)
21 (24)
59 (66)

50 (57)
42 (48)
30 (34)
40 (46)
26 (30)
17 (19)
54 (61)

Adapted from Applicant’s AURORA-1 study report Table 23.

Treatment compliance for study drug was high in each of the treatment groups with mean
compliance ranging from 98% to 100% across all three treatment arms. Exposure to MMF was
similar between treatment arms in terms of both duration of exposure and daily dose. The
mean daily dose of MMF for subjects in the placebo, low-dose voclosporin and high-dose
voclosporin groups was 1860 ± 378 mg/day, 1773 ± 302 mg/day and 1861 ± 294 mg/day,
respectively.
As expected per the study design, the duration of exposure to IV methylprednisolone was two
days for both treatment arms with a similar overall total dosage of approximately 500 mg. At
Week 16, the median daily dose of oral corticosteroids for subjects weighing more than 45 kg
was 5.4 mg/day with over 70% of subjec
not shown). Subjects weight <45 kg in the placebo, low-dose voclosporin and high-dose
voclosporin groups had a mean daily dose of oral corticosteroids of 4.7 mg/day, 6.9 mg/day and
5.3 mg/day. The clinical significance of the differences in mean oral corticosteroid dose
between treatment arms is difficult to ascertain due to the low numbers of subjects in each
group.
8.1.2.5.5 Efficacy Results: Primary Endpoint
The primary objective of this study was to evaluate the efficacy of two different doses of
voclosporin compared to placebo (on a background of standard of care) in achieving complete
response after 24 weeks of therapy in subjects with active LN. Additionally, evaluating efficacy
of two doses of voclosporin versus placebo over 48 weeks in subjects with active LN was a key
secondary objective of the study. The efficacy analyses included a comparison of each of the
voclosporin dose groups versus placebo and was based on the FAS population, which include all
of the randomized subjects received study treatment and had at least one post-baseline
efficacy assessment.

162

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
The primary endpoint of this study was the proportion of subjects showing complete response
at Week 24. The analysis was performed using logistic regression adjusted for the
randomization stratification factors of biopsy classification (Class V only (pure and mixed)
versus others) and MMF use at screening. Results (Table 46) show that the voclosporin 23.7mg
BID group had a statistically significant higher response rate than the placebo. In particular, the
proportion of patients who obtained a complete response was 32.6% in the voclosporin group
as compared to 19.3% in the placebo group, with an odds ratio of 2.0 (95% CI: 1.1, 4.1).
However, the difference in response rates between the higher dose of voclosporin and placebo
was not significant (OR=1.6; 95% CI: (0.8, 3.3)).
Table 46: Proportion of Subjects Achieving Complete Response at Week 24 (AURA-LV; FAS)

Treatment Arm
Placebo (N=88)
Voclosporin 23.7mg BID
(N=89)
Voclosporin 39.5mg BID
(N=88)

Response n/N (%)

Odds Ratio vs
Placebo

17 (19.3)

-

29 (32.6)

2.0

24 (27.3)

1.6

95% CI

p-value

-

-

(1.1, 4.1)

0.045

(0.8,3.3)

0.204

Source: Statistical Reviewer; N=number of subjects in the analysis set, n= number of responders CI=confidence
interval.
confirmed eGFR <60 mL/min/1.73 m² or no
absence of rescue medication) and
total during Weeks 16 through 24.

The proportions of responders in each individual component of the composite complete
response endpoint for the three study arms are shown in Table 47. The odds of achieving UPCR
at Week 24 were statistically significantly higher for the voclosporin 23.7mg group
compared to placebo (odds ratio: 2.3; 95% CI: (1.1, 4.5)). However, the response rates for the
uPCR component for the high dose and for the eGFR component for both doses were not
statistically significantly greater than for placebo.
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Table 47: Complete Response Components Analysis at Week 24 (AURA-LV; FAS)
Component

UPCR
Response

eGFR
Success

Treatment Arm
Placebo (N=88)
(NC: 8)
Voclosporin 23.7mg
BID (N=89)
(NC: 10)
Voclosporin
39.5mg BID (N=88)
(NC: 5)
Placebo (N=88)
(NC: 5)
Voclosporin
23.7mg BID (N=89)
(NC: 7)
Voclosporin
39.5mg BID (N=88)
(NC: 5)

Response n/N Odds Ratio
(%)
vs Placebo

95% CI

p-value

19 (23.2)

-

-

-

32 (40.5)

2.3

(1.1, 4.5)

0.02

25 (30.1

1.4

(0.7, 2.9)

0.31

83 (100.0)

-

-

-

79 (96.3)

<0.01

(<0.01, >10.0)

0.95

80 (96.4)

<0.01

(<0.01, >10.0)

0.95

Source: Applicant; NC: Not Calculated

8.1.2.5.6 Efficacy Results: Secondary Endpoints
Secondary Efficacy Analysis of Complete Response at Week 48
The secondary endpoint, complete response at Week 48 was analyzed in the same way as the
primary endpoint. When compared to placebo (23.9%), there were a higher proportion of
subjects in both the low-dose (49.4%) and high-dose (39.8%) voclosporin groups that achieved
complete response at Week 48 (Table 48). The results showed that subjects treated with lowdose voclosporin had roughly three times the odds of achieving complete response at Week 48
compared to subjects in the placebo group (OR=3.2; 95% CI: (1.7, 6.1)), and subjects treated
with high-dose voclosporin had roughly two times the odds of achieving complete response
compared to subjects in the placebo group (OR=2.1; 95% CI: (1.1, 4.0)).
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Table 48: Proportion of subjects who achieved complete Response at Week 48 (AURA-LV;
FAS)

Treatment Arm
Placebo (N=88)
Voclosporin 23.7mg BID
(N=89)
Voclosporin 39.5mg BID
(N=88)

Response
n/N (%)

Odds Ratio
vs Placebo

95% CI

p-value

21 (23.9)

-

-

-

44 (49.4)

3.2

(1.7, 6.1)

<0.001

35 (39.8)

2.1

(1.1, 4.0)

0.03

Source: Statistical Reviewer; N=number of subjects in the analysis set, n= number of responders, CI=confidence
interval

Time to Complete Response
A Cox proportional hazard model was used to perform pairwise comparisons between each
dose of voclosporin and placebo. The results suggest that the subjects were more likely to
achieve complete responses over time in both voclosporin arms compared to the placebo arm
(Table 49).
Table 49: Time to Complete Response (AURA-LV; FAS)

Treatment Arm

Number of Subjects
Odds
with Complete
Ratio vs
Response
Placebo
n/N (%)

95% CI

p-value

Placebo (N=88)

32 (36.4)

-

-

-

54 (60.7)

2.3

(1.5, 3.5)

<0.001

60 (68.2)

2.3

(1.5, 3.4)

<0.001

Voclosporin 23.7mg BID
(N=89)
Voclosporin 39.5mg BID
(N=88)

Source: Statistical Reviewer; N=number of subjects in the analysis set, n= number of responders, CI=confidence
interval

The time to complete response endpoint was further analyzed using KaplanMeiermethodology. The median time to complete response was 19.7 weeks for low-dose
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voclosporin group and the median time to complete response could not be determined for the
placebo group (Figure 9).
Figure 9: - Kaplan Meier Plot of Time to Complete Response (AURA LV - FAS)

Source: Statistical Reviewer

8.1.2.5.7 Subgroup Analysis
Subgroup analyses of study AURA-LV are not included in the review because of the relatively
small sample size within subgroups.
8.1.2.5.8 Dose Response
As shown in Table 46 analysis of the primary endpoint did not demonstate a dose-dependent
increase in efficacy as assessed by Complete Response at Week 24. Similarly, a lower
proportion of subjects treated with voclosporin 39.5 mg BID achieved a Complete Response at
Week 48 as well when compared to subjects treated with 23.7 mg BID (Table 48).
Integrated Assessment of Effectiveness
The Applicant has submitted substantial evidence meeting the evidentiary standard for the
clinical effectiveness of voclosporin 23.7 mg BID for the treatment of active lupus nephritis
based on the results from one well-controlled phase 3 study (AURORA-1) and support from a
well-conducted phase 2 study (AURA-LV). The studies enrolled a population of subjects who
were generally representative of the targeted US patient population and used mutually agreed
upon primary and secondary endpoints that were designed to capture clinically meaningful
changes in patients’ disease activity.
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The primary endpoint of AURORA-1 assessed the proportion of subjects achieving a renal
response at Week 52. The renal response was adjudicated using blinded data by the Clinical
Endpoints Committee based on subjects meeting all of the following criteria:
2

or no confirmed decrease from baseline in eGFR of >20%,

AND
Subject did not receive any rescue medication for lupus nephritis, AND
Subje
during Weeks 44 through 52 (i.e., prior to renal response assessment)
AURA-LV used a similar primary endpoint except the assessment was determined at Week 24.
In addition, the complete response at Week 48 was included as a secondary endpoint and was
analysed without adjusting for multiplicity.
As discussed in Section 8.1.2, AURORA-1 achieved statistical significance for the primary
endpoint with a treatment effect size of 18.3% (in terms of the absolute difference from
placebo) for subjects treated with voclosporin 23.7 mg BID, the proposed to-be-marketed dose.
A similar treatment effect (25.5%) was observed at Week 48 in the AURA-LV study in subjects
treated with voclosporin 23.7 mg BID. This degree of treatment effect size clearly demonstrates
a clinically meaningful benefit to patients with active lupus nephritis.
The positive results from the composite primary endpoint were primarily driven by the
decrease in the UPCR 0.5 mg/mg component in both studies; the reduction in proteinuria is
strengthened by additional findings including that responding subjects also, at a minimum, did
not have a confirmed 20% decline in eGFR from their baseline or maintained an eGFR>60,
completed the prespecified corticosteroid taper, and did not require any rescue medication.
Under these conditions, it would be very unlikely for a subject to have improved their UPCR
while having clinical worsening of their active lupus nephritis and achieving the other
components of the endpoint.
Furthermore, subgroup analyses suggested clinical benefit in all races, sex, ages, renal biopsy
class, and baseline UPCR.
The positive results from the composite primary endpoint were primarily driven by the
decrease in the UPCR 0.5 mg/mg component in both studies; the reduction in proteinuria is
strengthened by additional findings including that responding subjects also, at a minimum, did
not have a confirmed 20% decline in eGFR from their baseline or maintained an eGFR>60,
completed the prespecified corticosteroid taper, and did not require any rescue medication.
Under these conditions, it would be very unlikely for a subject to have improved their UPCR
while having clinical worsening of their active lupus nephritis and achieving the other
components of the endpoint. Proportions of patients meeting the eGFR response component
were not statistically significantly different between the treatment arms. In addition, there was
not a statistically significant difference with respect to the proportion of subjects who were
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-treated subjects,
and similar proportions of subjects in both treatment arms did not require rescue medication to
treat their lupus nephritis.
Higher doses of voclosporin were also assessed in the AURA-LV study. As discussed in Section
8.1.2.5, a smaller proportion of subjects receiving voclosporin 39.5 mg BID achieved complete
renal response at Weeks 24 and 48 compared to subjects treated with the lower dose of
voclosporin. Given the lower efficacy and increased number of adverse events, the higher dose
of voclosporin is not pursued for further development in lupus nephritis.
Secondary endpoints were chosen to support the primary endpoint and to assess other
potential treatment benefits to patients with active lupus nephritis. These endpoints measured
the time to UPCR 0.5 mg/mg, renal response at Week 24, partial renal response at Weeks 24
and 52, and the time to 50% reduction in UPCR from baseline. As discussed in Section 8.1.2,
analyses for each of these secondary endpoints demonstrated a statistically significant and
clinically meaningful benefit of treatment with voclosporin 23.7 mg further supporting the
primary endpoint.
In summary, the Applicant has submitted substantial evidence of voclosporin’s effectiveness
that meets the statutory evidentiary standard. The effectiveness of voclosporin 23.7 mg BID
was demonstrated to produce a clinically meaningful benefit in subjects with active lupus
nephritis in combination with concomitant MMF and corticosteroids. The results of the review
team analyses support the Applicant’s proposed indication.

Review of Safety
Safety Review Approach
Voclosporin is a member of the calcineurin inhibitor family of drugs and is structurally similar to
cyclosporine except for a modification to the amino acid-1 region of the molecule. As a family,
CNIs have several well-known toxicities including increased blood pressure and acute renal
vasomotor effects that are dose-related, generally reversible and responsive to dose reduction
or discontinuation of therapy. Additional CNI-related adverse effects include central and
peripheral neurotoxicity, electrolyte abnormalities, impaired glucose tolerance, new-onset
diabetes, infections and malignancies.
The Applicant contends that as a result of the modification to the amino acid-1 region,
voclosporin has increased potency and an improved metabolic profile compared to
cyclosporine resulting in a more consistent pharmacokinetic/pharmacodynamic relationship
(b) (4)
resulting in the administration of lower doses and a
Except for
nonclinical data, there are no direct comparisons between voclosporin and another CNI, and it
is assumed by this Division that voclosporin possesses the same general safety profile as other
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CNIs. Therefore, in addition to a general review of the safety database, this review will also
focus on CNI-related adverse events.
Another important safety focus for this review is the assessment of renal-related adverse
events since the subject population entered the studies with active lupus nephritis and
voclosporin has known renal toxicities, e.g., acute hemodyamic effects that cause decreases in
eGFR and longer-term chronic nephrotoxicity. Furthermore, the Applicant has foregone
therapeutic drug monitoring as is typically performed with other CNIs and has relied on the
monitoring of eGFR and blood pressure readings for dose-modifications. To best capture renalrelated adverse events, this review will consolidate all renally-related adverse event terms (e.g.,
decreased eGFR, acute renal toxicity, etc.) and present the data as a whole rather than splitting
individual adverse event definitions.
As discussed in Section 5, the safety review of voclosporin will focus on the pooled data from
the controlled periods from AURA-LV and AURORA-1. The review is largely based on two
pooled analysis populations:
The pooled lupus nephritis group consisted of 533 subjects from the placebo and
voclosporin 23.7 mg treatment groups in the AURA-LV and AURORA-1 studies that
include up to 52-weeks of treatment exposure. Safety data from the voclosporin 39.5
mg treatment arm of the AURA-LV study was not included in the integrated safety
analysis as this dose was only used in one study; however, reference to the reviewed
data will be included.
The long-term lupus nephritis population includes 356 subjects from the completed
AURORA-1 study, of whom 216 entered the ongoing AURORA-2 study. The AURORA-2
cutoff data includes data up to January 9, 2020 providing a maximum of 30-months
observation. The Sponsor included a second set of summary data that provides data on
the long-term exposure and safety of voclosporin from the start of AURORA-2, which
includes 116 voclosporin-treated subjects and 100 placebo-treated subjects. This
dataset will not be reviewed in depth? as it represents an enriched population of
subjects who did not discontinue study drug treatment by Week 52 of the AURORA-1
study and presumably have tolerated voclosporin without serious toxicities.
Furthermore, AURORA-2 is ongoing and the amount of data available is incomplete.
In addition to the aforementioned lupus nephritis studies, the Applicant submitted safety data
from other voclosporin clinical programs that were conducted in subjects with plaque psoriasis
(n=1167), non-infectious uveitis (n=710) or undergoing renal transplant (n=248). However,
given the different pathophysiologic underpinnings and comorbidities associated with lupus
nephritis compared to these other conditions, as well as the different dosing and study designs,
the safety review presented here will focus on the safety data derived from the AURA-LV and
AURORA-1 studies. The safety data from the non-lupus nephritis development programs will be
reviewed to compare types of adverse events and to identify potential safety signals.
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Review of the Safety Database
8.2.2.1 Study Drug Exposure
As shown in Table 50, a total of 365 subjects with lupus nephritis have been exposed to any
dose or duration of voclosporin. Throughout the entire voclosporin development program
there have been 2,666 subjects that have been exposed to voclosporin at any dose or duration
and 806 subjects have been exposed to placebo.
Table 50. Number of Study Subjects Exposed to Voclosporin or Placebo

Population
All lupus nephritis*
Pooled lupus nephritis**
Pooled long-term lupus nephritis***
Psoriasis & Uveitis
Renal Transplant (phase 2)
Phase 1 studies w/ healthy volunteers
Total Subjects****

Placebo
(N)

Voclosporin (any dose)
(N)

266
266
178
392
0
148
806

365
267
178
1485
248
568
2666

Adapted from Applicant’s AURA-LV Summary of Clinical Safety Table 4. * Includes subjects from AURORA-1, AURORA- 2,
AURA-LV and AURION; **includes subjects from AURORA-1 and AURA-LV (placebo and voclosporin 23.7 mg BID arms) with
exposure up to 1 year; ***includes subjects from AURORA-1 and ongoing AURORA-2 with exposure >12 months and up to
30 months and all subjects also belong to the pooled lupus nephritis population; **** some placebo subjects crossed-over
to voclosporin treatment, consequently, placebo and voclosporin numbers will not be additive.

Of the 533 subjects from the pooled lupus nephritis population, 196/267 (73%) voclosporintreated subjects and 181/266 (68%) of placebo-treated subjects completed the protocoldefined course of study treatment of approximately one-year. The most common reasons for
voclosporin and placebo treatment discontinuation were adverse events (14% vs. 12%,
respectively) and lack of efficacy (2% vs. 9%, respectively).
The disposition of subjects in the pooled long-term lupus nephritis population includes 356
subjects from AURORA-1 and AURORA-2 studies with the data continuing greater than 12months for 216 of the subjects, i.e., the subjects continuing in AURORA-2. A total of 163
voclosporin-treated subjects and 147 placebo-treated subjects completed AURORA-1. Of these,
116/163 (71%) voclosporin-treated subjects and 100/147 (68%) placebo-treated subjects
continued to AURORA-2. Exposure data for the pooled long-term population is incomplete as
AURORA-2 is ongoing and there is a lag in the documentation for approximately half of the
enrolled subjects. It is noteworthy that even with the additional data from subjects continuing
in AURORA-2 that the long-term data is limited with very small numbers of subjects (<50%) past
21 months (Table 51). Taken together, the pooled long-term population data should be
interpreted with caution.
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Table 51. Summary of Study Visit Attendance in AURORA-2.

Visit
Month 12
Month 15
Month 18
Month 21
Month 24
Month 27
Month 30

Placebo
(N=100)
n (%)
100 (100)
98 (98)
62 (62)
43 (43)
27 (27)
9 (9)
2 (2)

Voclosporin (any dose)
(N=116)
n (%)
116 (100)
113 (97)
82 (71)
57 (49)
29 (25)
13 (11)
1 (1)

Adapted from Applicant’s AURA-LV Summary of Clinical Safety Table 5.

The exposure to study drug (voclosporin or placebo), and background therapy with MMF and
corticosteroids, was as expected given the protocol-defined dose modification/interruption
based on decreases in eGFR and blood pressure. The to-be-marketed dose of voclosporin will
be as three 7.9 mg capsules (23.7 mg) BID on an empty stomach and dosing modifications will
be recommended using the same dose adjustment protocols used in the clinical studies (see
Section 8.1).
In the pooled lupus nephritis voclosporin group, the mean dose and duration of voclosporin
treatment was 39.1 mg/day and 310 days (Table 52). The proposed clinical dose of 23.7 mg BID
is equivalent to 47.4 mg/day, thus, subjects in the voclosporin group only received
approximately 82% of the intended dose. The discrepancy in the mean dose was due to
voclosporin dose decreases which occurred in 67% of subjects. The Applicant notes that the
dose modifications were often temporary and did not result in substantially decreased average
exposure as 46% of voclosporin-treated subjects returned to or near the prescribed 23.7 mg
BID dose; however, this also means that 54% of subjects did not return to the prescribed dose.
Subjects in the placebo group had a similar mean duration of treatment while dose decreases,
and reintroductions, occurred in fewer subjects. The mean placebo dose of 48.3 mg/day in the
integrated lupus nephritis population was higher than the proposed dose of 47.4 mg/day due to
some of the placebo subjects receiving matching high-dose study drug in AURA-LV. The mean
daily dose of voclosporin was higher in the AURORA-1 study (41.3 mg) compared to the AURALV study (34.6 mg), which may reflect a more cautious approach by the Applicant to returning
to, or near, the full prescribed dose.
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Table 52. Exposure to Voclosporin and Placebo (Pooled Lupus Nephritis Population)
Placebo
(N=266)

Voclosporin 23.7 mg BID
(N=267)

266
48.3 (12.3)
47.4 (9.5, 77.5)
-

267
39.1 (11.5)
45.2 (0.1, 47, 4)
-9.2
(-11.2, -7.2)
<0.0001

3 (1)
12 (5)
215 (81)
36 (14)

15 (6)
45 (17)
207 (78)
0

Dose Decreases (subjects (%)/decreases)
Dose Increases (subjects (%)/increases)

136 (51)/177
99 (37)/144

179 (67)/344
123 (46)/265

Days on Treatment
n
Mean ± SD
Median (min, max)
Difference vs. Placebo
(95% CI)
p-value

266
304 ± 101
345 (1, 384)
-

267
310 ± 102
357 (1, 384)
6.2
(-11.2, 23.5)
0.48

Mean Days on Treatment; n (%)
Up to 3 months
>3 to 6 months
>6 to 9 months
>9 to 12 months
>12 months

22 (8)
21 (8)
16 (6)
137 (52)
70 (26)

19 (7)
26 (10)
5 (2)
138 (52)
79 (30)

Demographic Parameters
Mean Daily Dose (mg)
n
Mean ± SD
Median (min, max)
Difference vs. Placebo
(95% CI)
p-value
Mean Daily Dose Category

>47.4 mg

Adapted from Applicant’s AURA-LV Summary of Clinical Safety Table 6.

The duration of exposure to concomitant MMF was similar between the voclosporin and
placebo groups, 365 and 345 days, respectively. The mean daily dose of MMF was statistically
significantly lower in the voclosporin group compared to placebo (1841 vs 1928 mg; p=0.01)
due to the variability of the data but is unlikely to represent a clinically relevant difference. The
As would be expected based on the protocol, both treatment groups of the pooled lupus
nephritis group had a mean of two days of IV methylprednisolone at the start of study
treatment with a mean cumulative dose of approximately 1 g (data not shown).
Exposure to concomitant oral corticosteroids was similar between the voclosporin and placebo
groups with mean doses of 23.5 and 22.3 mg/day, respectively during screening and mean
doses of 7.7 and 8.0 mg/day, respectively, over the study treatment periods (including the
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initial dose and protocol-prescribed tapering regimens). There was no significant difference
between the voclosporin and placebo groups in mean daily corticosteroid dose or duration of
treatment (data not shown).
2.5 mg/day by Week 16) was
high across both studies with 81% of subjects in each group of AURORA-1 achieving the target
dose by Week 16, and 74% of subjects in both the placebo and 23.7 mg BID voclosporin groups
of AURA-LV reaching the target dose by Week 16. Subjects across both studies in the pooled
lupus nephritis population kept to the corticosteroid tapering regimen with >80% at Week 16,
>80% at 6-months, and >70% at one- year (data not shown).
8.2.2.2 Adequacy of the Safety Database
AURORA-1 and AURA-LV were designed to assess the safety of voclosporin compared to
placebo in subjects with active lupus nephritis receiving concomitant immunosuppressive
therapy of MMF and corticosteroids. The safety data primarily consists of 12-months of
controlled data and were conducted using a sufficiently large and broad population of patients
with active Class III/IV active lupus nephritis who were either naïve to MMF or were inadequate
responders to immunosuppressive therapy including MMF, cyclophosphamide, or azathioprine.
This represents the likely clinical scenario of patients presenting to a healthcare provider when
the drug is marketed. The subject demographics and baseline disease characteristics are
representative of the targeted patient population for the proposed indication. Together the
studies provide an adequately sized safety database on which to identify potential safety signals
of voclosporin for use to at least one year.
Given voclosporin’s mechanism of action and the potential for CNI-related adverse events with
longer durations of treatment, the overall safety database is limited to some extent by the
small number of subjects treated with voclosporin for longer periods of time than one year;
however, this limitation should not affect the ability to conclude an overall determination of
the risk-benefit assessment of voclosporin for the treatment of active lupus nephritis.
Adequacy of Applicant’s Clinical Safety Assessments
8.2.3.1 Issues Regarding Data Integrity and Submission Quality
Overall, the data integrity and submission quality of the current application was excellent. The
submission was complete, well-organized, easily navigable in electronic format and the data
consistent between case report tabulations, case report forms and narrative summaries for
individual subjects. Review of the study sites using the site selection tool did not identify any
potential problems with safety reporting.
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8.2.3.2 Categorization of Adverse Events
Integrated safety analyses and summaries for the pooled lupus nephritis and long-term lupus
nephritis populations were based on the safety analysis sets for each population, defined as all
subjects who received at least one dose of study treatment. Subjects were analyzed by
treatment received.
Descriptive summaries encompassed demographics, disposition, exposure/compliance to study
medications, treatment-emergent adverse events, deaths, vital signs, and safety laboratory
values. Exposure to study drug was assessed as number of days on treatment as well as mean
dose and included placebo or voclosporin, IV methylprednisolone, corticosteroids (reported as
prednisone equivalent), and MMF.
All treatment-emergent adverse events from the AURA-LV study used in the integrated safety
analysis for the pooled lupus nephritis population were summarized using MedDRA (version
20.0) in order to be consistent with the coding version used in AURORA-1. This standardization
of recoding resulted in some variations in terminology of 25 verbatim terms between the
AURA-LV study report and the integrated lupus nephritis analyses. The Applicant provided the
coding variations for ten events that occurred frequently and were of interest in a lupus
nephritis population (data not shown).
The integrated summaries used the following definition of treatment-emergent:
Any adverse event with onset on or after the first dose of study drug within a given
regimen up to 30 days following the last dose of study drug within the regimen.
For subjects who moved into an extension study on the same active treatment (i.e., from
AURORA-1 to AURORA-2), the 30-day window after last dose was reduced to end of day
prior to the start of the second study.
This definition of treatment-emergent was utilized in AURORA 1 and AURORA 2 and was similar
to that used in the AURA-LV study, where treatment-emergent adverse events included those
up to 14 days after study completion or withdrawal rather than 30 days after last dose.
A summary of adverse events by category in the pooled safety population was prepared. For
each category, an odds ratio (OR) and 95% confidence interval (CI) were calculated from a
model using study as covariate for each category to provide a pairwise comparison of the odds
of experiencing the event for subjects on active drug compared to placebo.
Integrated summaries of the incidence of treatment-emergent adverse events were prepared
by System Organ Class (SOC) and Preferred Term (PT) using raw cumulative incidence rates and
weighted incidence rates in proportion to the sample size of each study. In addition, exposureadjusted incidence rates (EAIR) were calculated for certain groups of treatment-emergent
adverse events as the number of subjects experiencing their first event divided by the total
time at risk for all subjects in the treatment group and displayed as the number of events per
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100 years of exposure. The difference (voclosporin minus placebo) between the EAIR and 95%
CI for the difference were reported with stratification by study with Mantel-Haenszel
estimation. Each EAIR table was repeated in order to target the treatment policy estimand. The
analysis of vital signs treatment differences in the mean change from baseline were calculated
as voclosporin minus placebo, with 95% CI, from a model that included study as covariate.
Clinical laboratory values were normalized according to the normal range used in the AURORA1 study, but any flags (high/low/normal) associated with a value prior to normalization were
retained regardless of the normalized value. Normalized laboratory values were also flagged
according to the Common Terminology Criteria for Adverse Events (CTCAE) version 5, and
summary tables of shifts in CTCAE Grade were prepared. Treatment differences in changes
from baseline in clinical laboratory parameters were calculated as voclosporin minus placebo,
with 95% CI, from a model that included study as covariate.
Integrated summaries of eGFR constrained all values >90 mL/min/1.73 m2 to a maximum of 90
(as requested by the Data and Safety Monitoring Board), thereby removing the reductions from
renal hyperfiltration to normal renal function. These eGFR values were labeled as “Corrected
including raw and corrected eGFR values, confirmed decreases in raw and corrected eGFR
values, and confirmed decreases accompanied by changes in magnesium or potassium. To be
an eGFR value als
change from baseline in eGFR were calculated as voclosporin minus placebo, with 95% CI, from
a model that included study as a covariate.
As requested by the Agency, all cardiac and renal treatment-emergent adverse events in the
AURA-LV and AURORA-1 studies were independently adjudicated. The adjudication of these
events was undertaken by the Data and Safety Monitoring Board for the AURORA-1 study,
which included an independent group of experts in the treatment of lupus nephritis and/or
clinical trial methodology. The adjudication committee members were blinded to treatment
assignment, country, and study center and they selected events for adjudication independent
of the Sponsor, based on the MedDRA coded terms from the full list of reported adverse
events. Selected events included all adverse events from the Cardiac Disorders, Vascular
Disorders, and Renal and Urinary Disorders SOCs and events from other SOCs where the
adverse event term suggested renal or cardiovascular involvement. The committee reviewed
the appropriateness of the PT and the Investigator-assigned causality (related or unrelated to
study treatment or disease). The adjudication committee considered all available data in their
adjudication, such as concomitant medications, laboratory parameters, and any other
supporting information from serious adverse event reports. All decisions were documented.
Cardiac safety in the voclosporin clinical development program was assessed from the following
sources:
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Two thorough QT studies were conducted in healthy volunteers to evaluate the effects
of single and multiple doses of voclosporin. These studies included supratherapeutic
doses of voclosporin.
An integrated review of ECG data from preclinical studies, phase 1 studies, phase 2 and
3 studies in subjects with psoriasis, and a phase 2b study of subjects with renal
transplant was performed by an independent cardiologist.
ECG and cardiac safety data from the AURA-LV study in subjects with lupus nephritis
were reviewed by an independent cardiologist.
ECG and cardiac safety data from the AURORA-1 study in subjects with lupus nephritis
were reviewed by an independent cardiologist.
8.2.3.3 Routine Clinical Tests
Routine clinical testing, including prespecified assessments of safety occurred at Day 1, Day 2
and Weeks 2, 4, 8, 12, 16, 20, 24, 30, 36, 42, 48 and 52 for AURORA-1. AURA-LV had the same
timing of clinical assessments as AURORA-1 with the exception that the final assessment was
conducted at Week 50.
Scheduled visits included physical exam, vital signs, ECG, laboratory assessments, urinalysis, 24hour urine, pregnancy test, adverse event assessment, concomitant medications, patientreported outcome measures, and study drug/concomitant medication dispensing.
Laboratory assessments included hematology, chemistry, hepatic function, lipid profile, and
urinalysis performed at a central laboratory using standard validated methods. The UPCR was
calculated both from the first morning void and from standard urinalysis results.
In general, the prespecified routine safety assessment methods and time points used in the
AURORA-1 and AURA-LV studies were adequate and reasonable for subjects with lupus
nephritis.
Safety Results
8.2.4.1 Deaths
Patients with lupus nephritis have an increased risk of mortality compared to an age and
gender matched population. The severity of disease and non-response to immunosuppressive
therapy appear to be risk factors for increased mortality as well. In reviewing the deaths that
occurred during the voclosporin development program, this review attempted to identify an
imbalance between subjects enrolled in the voclosporin arms compared to the placebo arms.
While all deaths were reviewed and documented, only the narratives of the voclosporin-treated
subjects’ deaths will be discussed.

176

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
As shown in Table 53, a total of 19 subjects died during the course of AURORA-1 and AURA-LV.
There were no subject deaths in the small open-label AURION study.
Table 53. Number of Subject Deaths in AURA-LV and AURORA-1

Study
Placebo Subject Deaths; n/N (%)
Voclosporin Subject Deaths; n/N (%)

AURORA-1
(N=356)
5/178 (3%)

AURA-LV
(N=265)
1/88 (1%)

23.7 mg BID: 1/178 (1%)

23.7 mg BID: 10/89 (11%)
39.5 mg BID: 2/88 (2%)

Adapted from Applicant’s Summary of Clinical Safety Table 22.

In AURORA-1, there were five deaths in subjects treated with placebo compared to one subject
death in the voclosporin 23.7 mg BID treatment arm (Table 54).
Table 54. Summary of Deaths in AURORA-1

Subject Number

Adverse Event

Day of
Onset

Time Since
Last Dose

Associated
with TEAE

Pneumonia

Day 11

10 days

Yes

Lupus nephritis

Day 240

21 days

Yes

Pulmonary Embolism

Day 110

36 days

No

Pneumonia/Sepsis

Day 81

15 days

Yes

Acute Respiratory Failure

Day 274

54 days

No

Pneumonia

Day 350

79 days

No

Placebo
(b) (6)

Voclosporin 23.7 mg BID
(b) (6)

Adapted from Applicant’s Clinical Study Report AUR-voclosporin-2016-01 Table 46.

Subject
: pneumonia.
A 21-year-old female with lupus nephritis of approximately one-year duration was enrolled
in the voclosporin arm of AURORA-1. On Day 244, she developed symptoms of nausea and
vomiting, which worsened and left her unable to take medication from Day 248 until Day
257. She was hospitalized on Day 251 for gastritis and received IV treatment and volume
repletion. On Day 252, the subject experience a lupus flare that resulted in discontinuation
(b) (6)
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of voclosporin on Day 271. She was later hospitalized due to the lupus flare on Day 282 and
received treatment with corticosteroids before being discharged on Day 289 with an
improvement of symptoms. On Day 293, the subject presented to the emergency room with
three-day history of fever and convulsions and was diagnosed with lupus encephalitis and
acute renal failure. Hemodialysis was started the following day and she demonstrated slow
improvement with cyclophosphamide and corticosteroid therapy. The subject was
discharged on Day 311. On Day 322, she returned to the emergency room with decreased
consciousness and anuria and was admitted for hemodialysis. She again developed seizures
with a decrease in consciousness that required mechanical ventilation. Pneumonia was
diagnosed on Day 327 for which she received treatment and was eventually weaned off
respiratory support and discharged on Day 345 with resolution of the pneumonia and
improved control of seizures. The subject again returned to the emergency room on Day
350 and was diagnosed with nosocomial pneumonia. Dyspnea increased over the following
two days and her condition deteriorated requiring mechanical ventilation and hemodialysis.
Subject died on Day 356.
(b) (6)
Reviewer’s Comment: Review of the death of Subject
does not suggest a direct
causal relationship to voclosporin. Gastrointestinal symptoms resulted in hospitalization
and eventual discontinuation of study drug 27 days after the onset of gastrointestinal
symptoms. Over the course of the next 79 days the subject developed an SLE flare including
lupus encephalitis and acute renal flare requiring hemodialysis and treatment with
cyclophosphamide and corticosteroids. These therapeutic interventions were ineffective,
and the subject was eventually mechanically ventilated and died due nosocomial
pneumonia.

As summarized in Table 55, a total of 13 (5%) subjects died in the AURA-LV study: one placebotreated subject, ten low-dose voclosporin subjects and two high-dose voclosporin subjects.
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Table 55. Summary of Deaths in AURA-LV

Subject Number

Country

Adverse
Event

Infection
(Y/N)

Event Start
(Study Day)

Death
(Study Day)

38 (F)

Russia

CVA

N

6

6

38 (F)

Sri Lanka

Y

43

43

19 (F)

Sri Lanka

N

237

237

50 (M)

Russia

ARDS

Y

165

168

23 (F)

Philippines

TB Pericarditis

Y

40

47

48 (F)

Philippines

ARDS

Y

119

120

30 (F)

Bangladesh

Pneumonia

Y

21

41

21 (M)

Bangladesh

Pulmonary
embolism

N

28

29

38 (F)

Bangladesh

Pneumonia

Y

57

59

20 (F)

Bangladesh

N

169

170

20 (F)

Bangladesh

N

22

22

24 (F)

Bangladesh

Sepsis

Y

16

32

18 (F)

Bangladesh

Pulmonary
embolism

N

26

26

Age
(Gender)

Placebo
(b) (6)

Voclosporin 23.7 mg BID
(b) (6)

Multi-organ
failure
Cardiac
Tamponade

Pulmonary
hemorrhage
Pulmonary
embolism

Voclosporin 39.5 mg BID
(b) (6)

Adapted from Applicant’s AURA-LV Mortality Analysis Version 3.0 Table 3.

Summary of deaths for subjects treated with voclosporin 23.7 mg BID.
(b) (6)
Subject
(Philippines): tuberculous pericarditis.
A 23-year-old Asian female from the Philippines randomized to low-dose voclosporin.
On Day 22, the dose of MMF was reduced from 2 g/day to 1 g/day due to chest
radiograph findings consistent with pulmonary tuberculosis. On Day 23, study
treatment was discontinued, and subject began intensive treatment for tuberculosis.
On Day 40, the subject experienced tonic contractions without evidence of seizure and
her aspartate aminotransferase and alanine aminotransferase enzymes were elevated
10 x ULN due to the anti-tuberculosis medications. On Day 41, the subject was
reassessed and a diagnosis of lupus cerebritis or tuberculous meningitis were
considered. Over the next six days the subject had worsening pulmonary symptoms
with normal physical exam finding. On Day 47, the subject died due to cardiogenic
shock secondary to tuberculous pericarditis.
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(b) (6)
Reviewer’s comment: Review of the death of Subject
does not suggest a direct
causal relationship to voclosporin; however, based on the clinical history and event
progression the subject appears to have had reactivation of latent tuberculosis likely
due to immunosuppression from either voclosporin, MMF, corticosteroids or the
combination of drugs.

(b) (6)
Subject
(Bangladesh): pneumonia.
A 30-year-old Asian female from Bangladesh was randomized to the low-dose
voclosporin arm. On Day 9, her dose of MMF was increased from 1g/day to 2 g/day. On
Day 21, the subject developed an event of pneumonia. On Day 22, the subject was
started on antibiotic treatment with cefuroxime. On Day 25, clarithromycin was added
to the regimen and MMF was discontinued. On Day 30, the subject developed an acute
kidney injury believed to be secondary to the pneumonia. A chest radiograph on the
same day demonstrated pneumonic consolidation. On Day 31, voclosporin was
discontinued as a result of the acute kidney injury. On Day 32, the subject was
hospitalized due to severe pneumonia. On Day 41, the subject developed cardiac arrest
and died. The cause of death was attributed to severe pneumonia.
(b) (6)
Reviewer’s comment: Review of the death of Subject
does not suggest a direct
causal relationship to voclosporin; however, based on the clinical history and event
progression the subject appears to have had developed pneumonia while
immunosuppressed with voclosporin, MMF, and corticosteroids.

(b) (6)
Subject
(Bangladesh): pneumonia.
A 38-year-old Asian female from Bangladesh was randomized to the voclosporin 23.7
mg BID treatment arm. She had reported a lower respiratory tract infection upon entry
into the study. On Day 17, the subject developed fever, shortness of breath, productive
cough, generalized edema and decreased urine output with an associated decrease in
eGFR. Study treatment was permanently discontinued on Day 19. By Day 29 the subject
had clinically improved and was discharged to home. On Day 57, the subject again
developed fever, shortness of breath and diaphoresis. She has hospitalized and
diagnosed with pneumonia. She was started on mechanical ventilation and died on Day
59.
(b) (6)
Reviewer’s comment: Review of the death of Subject
suggests that voclosporin
treatment may have contributed to the subject’s death. The subject apparently entered
the study with a lower respiratory tract infection and was started on
immunosuppressive therapy of voclosporin, MMF and corticosteroids. In addition to its
immunosuppressive effects, voclosporin may have contributed to the decreased eGFR
and contributed to the overall deteriorating condition of the subject.

Subject

(b) (6)

(Sri Lanka): multi-organ failure.
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A 38-year-old Asian female from Sri Lanka was randomized to the low-dose voclosporin
group. The subject reported an ongoing ear infection for which she was prescribed
clarithromycin and cefuroxime prior to study entry. On Days 18-26, voclosporin was
temporarily interrupted, and on Day 30, permanently discontinued due to a 10-30%
reduction of eGFR. On Day 31, the subject was hospitalized with fever, shortness of
breath and decreased urine output and diagnosed with bilateral pneumonia and severe
sepsis. Corticosteroids and MMF were discontinued. On Day 43, the subject went into
asystole and died due to multi-system organ failure.
(b) (6)
Reviewer’s comment: Review of the death of Subject
suggests that voclosporin
treatment may have contributed to the subject’s death as evidenced by a decreased
eGFR of 10-30% by Day 30 and the subsequent progression of pneumonia. Similar to
(b) (6)
Subject
the subject was enrolled in the study with an apparently active
infection and subsequently started on immunosuppressive therapy including
voclosporin, MMF and corticosteroids.

(b) (6)
Subject
(Sri Lanka): cardiac tamponade.
A 19-year-old Asian female from Sri Lanka was randomized to the voclosporin 23.7 mg
BID treatment group. The subject was hypertensive at study entry with a recorded
blood pressure of 172/114 mmHg. On Day 44, the study drug was temporarily
interrupted due to an elevate diastolic blood pressure (160/103 mmHg). On Day 57, the
subject was hospitalized due to pneumonia, treated and subsequently discharged on
Day 61. On Day 73, voclosporin 15.8 mg BID was reintroduced. The pneumonia
continued through Day 100 when the event was reported to have resolved; however,
due to an abnormal blood pressure measurement, study drug was again temporarily
interrupted. On Day 113, the subject was hospitalized with uncontrolled hypertension
(162/100), treated and discharged on Day 120 with a blood pressure of 130/84 mmHg.
On Day 145, the subject developed right-sided lower limb cellulitis and bilateral
pneumonia and voclosporin was permanently discontinued. She was subsequently
hospitalized on Study Day 147 and MMF and prednisone were temporarily interrupted.
All events resolved and the subject was discharged on Day 188. On Day 194, the subject
was again hospitalized for “bicytopenia” which resolved on Day 199 and discharged. ON
Day 226, MMF was increased to 1 g/day. On Day 237 the subject developed difficulty
breathing and died on the way to the hospital. Cause of death was reported as cardiac
tamponade due to pericardial effusion as a complication of SLE.
(b) (6)
Reviewer’s comment: Review of the death of Subject
does not suggest a direct
causal relationship to voclosporin. The subject appears to have entered the study with
hypertension and the condition continued when she was discontinued from study drug.
The recurrent hospitalizations and recurrent pneumonia may suggest an ongoing
infection that may also have contributed to the pericardial effusion.

Subject

(b) (6)

(Russia); acute respiratory distress syndrome.
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A 50-year-old male for Russia was randomized to the low-dose voclosporin arm with a
baseline eGFR of 65 mL/min/1.73m2. On Day 140, the subject had a >30% decrease in
eGFR (45 mL/min/1.73m2 and voclosporin was discontinued with mild recovery of eGFR
to 53 mL/min/1.73m2. On Day 143, the subject was diagnosed with decompensated
heart failure. On Day 159, the subject developed a pneumonia and one day later was
reported to have acute kidney injury as a result of volume depletion. On Day 161, MMF
was temporarily interrupted and on Day 165 was diagnosed with acute respiratory
distress syndrome. The subject died on Day 168.
(b) (6)
Reviewer’s comment: Review of the death of Subject
does not suggest a direct
causal relationship to voclosporin. The subject appears to have entered the study with a
low eGFR that was likely exacerbated by voclosporin, which was subsequently
discontinued on Day 140. Voclosporin would not be expected to induce heart failure in
this short period of time and it is likely that MMF and corticosteroids were contributory
to the development of pneumonia.

(b) (6)
Subject
(Philippines): acute respiratory distress syndrome.
A 48-year-old Asian female randomized to the voclosporin 23.7 mg BID treatment arm.
On Day 10, the subject developed gastroenteritis and was hospitalized on Day 11 with
moderate volume depletion. Corticosteroids and MMF were temporarily discontinued
during her hospital stay and she was discharged on Day 14. On Day 111, following
three-weeks of abdominal pain, loss of appetite and fever the subject was hospitalized
with a diagnosis of urinary tract infection and voclosporin was permanently
discontinued. On Day 117, the corticosteroid dose was increased to 100 mg IV daily to
avoid an SLE flare. The subject was treated with antibiotics and the UTI had resolved by
Day 118. On Day 119, the subject was diagnosed with acute respiratory distress
syndrome secondary to severe sepsis resulting from a nosocomial pneumonia. The
subject died on Day 120.
(b) (6)
Reviewer’s comment: Review of the death of Subject
does not suggest a direct
causal relationship to voclosporin. The narrative report is confusing and incomplete;
however, it is possible that voclosporin-induced immunosuppression contributed to the
infections, although, she also received high-dose corticosteroids while hospitalized.

(b) (6)
Subject
(Bangladesh): pulmonary embolism.
A 21-year-old Asian male from Bangladesh was randomized to the low-dose voclosporin
group. ON Day 16, the subject developed nausea, vomiting and dyspepsia. On Day 17,
laboratory results demonstrated anemia and his UPCR was 12.5 mg/mg. Voclosporin
was discontinued on Day 18 due to an eGFR of <30 mL/min/1.73m 2 while MMF and
corticosteroids were continued. On Day 22, the subject was diagnosed with
oropharyngeal candidiasis that was treated with topical nystatin. On Day 28, the subject
developed a pulmonary embolism and was hospitalized on Day 29 where he died in the
hospital.
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Reviewer’s comment: Review of the death of Subject
causal relationship to voclosporin.

(b) (6)

does not suggest a direct

(b) (6)
Subject
(Bangladesh): pulmonary alveolar hemorrhage.
A 20-year-old Asian female from Bangladesh randomized to receive voclosporin 23.7 mg
BID. On Day 169, subject complained of a two-week history of non-productive cough
and a three- day history of left-sided musculoskeletal chest pain. Physical exam and vital
signs were normal. Eight hours after presentation, the subject developed several
episodes of massive hemoptysis. Subject was hospitalized and died on Day 170 due to
cardiorespiratory arrest due to massive alveolar hemorrhage.

Reviewer’s comment: Review of the death of Subject
causal relationship to voclosporin.

(b) (6)

does not suggest a direct

(b) (6)
Subject
(Bangladesh): pulmonary embolism.
A 20-year-old Asian female from Bangladesh was randomized to the low-dose
voclosporin treatment arm with a baseline eGFR results of 50 mL/min/1.73 m 2 and 31
mL/min/1.73 m2. On Day 12, voclosporin was discontinued due to eGFR decreasing to
below 30 mL/min/1.73 m2 and UPCR of 10.7 mg/mg. On Day 21, the subject was
physically examined and found to have massive lower extremity edema but no physical
signs of deep vein thrombosis. She was subsequently treated with IV albumin. On Day
22, the subject died of a pulmonary embolism.
(b) (6)
Reviewer’s comment: Review of the death of Subject
does not suggest a direct
causal relationship to voclosporin; however, it would seem that the subject should not
have been enrolled in AURA-LV given her screening eGFR <45 mL/min/1.73 m 2.
Additionally, given the clinical setting, it appears the subject had nephrotic syndrome
which is associated with a hypercoagulable state and thrombosis should have been
suspected.

Summary of deaths for subjects treated with voclosporin 39.5 mg BID.
(b) (6)
Subject
(Bangladesh): sepsis.
A 24-year-old Asian female from Bangladesh was randomized to the voclosporin 39.5
mg BID group. On Day 11, E. coli was isolated from her urine and on Day 16 she was
hospitalized due to life-threatening sepsis, hypoalbuminemia and hyponatremia. On
Day 16, voclosporin was permanently discontinued and treatment with MMF and
corticosteroids were temporarily interrupted. Laboratory results were significant for
WBC 33,400/mm3. On Day 22, prednisolone 25 mg daily was restarted and on Day 27
MMF 1 g/day was restarted. On Day 31, chest radiograph demonstrated pneumonia
and the WBC was 10,000/mm3 and MMF was permanently discontinued. The subject
died on Day 32 due to sepsis.
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(b) (6)
does not suggest a direct
Reviewer’s comment: Review of the death of Subject
causal relationship to voclosporin; however, based on the clinical history and event
progression the subject appears to have had developed pneumonia while
immunosuppressed with voclosporin, MMF, and corticosteroids.

(b) (6)
Subject
(Bangladesh): pulmonary embolism.
An 18-year-old Asian female from Bangladesh randomized to high-dose voclosporin. On
Day 15, her treatment was titrated as per protocol to five capsules BID with a reported
eGFR was 145 mL/min/1.73 m2 and UPCR f 10.75 mg/mg. On Day 26, the subject’s
husband notified the investigator that the subject was having sudden severe chest pain
and diaphoresis and subsequently died 30 minutes later due to a pulmonary embolism.
(b) (6)
Reviewer’s comment: Review of the death of Subject
does not suggest a direct
causal relationship to voclosporin. Given the clinical setting, it appears the subject had
nephrotic syndrome which is associated with a hypercoagulable state and may have
resulted in the pulmonary embolism.

Eight of the 13 (62%) subject deaths occurred in subjects who had not been receiving MMF
prior to screening and nine of the deaths occurred during the first few weeks of initiating study
drug and concomitant MMF and corticosteroids. Over half of the deaths (54%) in AURA-LV were
due to an infectious etiology that were likely exacerbated by substantial immunosuppression
with voclosporin, MMF and corticosteroids. The causes of the remainder of the deaths (e.g.,
pulmonary emboli, CVA) are not readily applicable to the mechanism of action of voclosporin
and appear to be related to underlying SLE and lupus nephritis.
These data demonstrate a disproportionate randomization in the three treatment arms of
Study AURA-LV and suggest that the low-dose voclosporin group included subjects who appear
to have had greater disease activity as evidenced by higher proteinuria, lower serum albumin,
and lower mean eGFR at bseline suggesting these subjects had more severe manifestations of
active lupus nephritis, which may have contributed to the higher mortality observed in this
group of subjects.
A total of 3/1777 (<1%) subjects died in the plaque psoriasis/uveitis (Ps/U) integrated analysis
that includes two subjects treated with voclosporin 0.3 mg/kg BID (approximately 21 mg BID,
one case each of accidental death, bile duct carcinoma) and one placebo-treated subject
(metastatic malignancy). In the renal transplant program, 3/248 (1%) subjects died including
one subject treated with voclosporin 0.8 mg/kg BID (urosepsis) and two tacrolimus-treated
subjects (cardiac arrest and renal vein thrombosis). The doses of voclosporin used in the
psoriasis, non-infectious uveitis and renal transplant programs spanned from 0.2 mg/kg
through 0.8 mg/kg twice a day and represent doses that were lower, equivalent and higher
than the doses of voclosporin used in the lupus nephritis program. The duration of treatment in
the phase 2/3 studies in these programs was for the most part between 24 and 50 weeks.
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Reviewer’s Comment:
Based on the Applicant’s detailed post-hoc analysis regarding the higher number of subject
deaths observed in the low-dose voclosporin arm of AURA-LV, it appears reasonable that an
imbalance in regional randomization introduced a bias towards poorer safety outcomes. As
discussed above, there was a disproportionate number of subjects from low-GDP Asian
countries randomized to the voclosporin 23.7 mg BID group and that these subjects had more
severe baseline disease characteristics compared to either the placebo or high-dose voclosporin
group. Furthermore, there was no evidence of a dose-response effect with the high-dose
voclosporin group regarding the number of deaths in the AURA-LV study with only two subjects
having reported deaths.
In AURORA-1, there were fewer deaths in the voclosporin treatment arm compared to the
placebo arm (one versus five, respectively), which would not be expected had voclosporin had a
direct impact on increased mortality. Lastly, there was no apparent mortality signal identified
in the Ps/U and renal transplant databases.
As a whole, the data suggests that the numerical imbalance of subject deaths in the voclosporin
23.7 mg BID arm of AURA-LV was likely by chance and that overall there is not an increased
mortality signal with voclosporin.
8.2.4.2 Serious Adverse Events
The proportion of subjects experiencing a serious adverse event was higher in the voclosporintreated subjects 61/267 (23%) compared to placebo-treated subjects 50/266 (19%; OR 1.3 [95%
CI: 0.8, 1.9]. Overall, the type of serious adverse events were what would be expected in
subjects with lupus nephritis resulting from immunosuppressive therapy. The most frequent
serious adverse events by SOC in both groups was Infections and Infestations (Table 56).
Eight events of acute kidney injury were reported in the voclosporin group compared to two
placebo-treated subjects. Conversely, there was a greater number of subjects with serious
adverse events of lupus nephritis in the placebo group compared to the voclosporin group, four
vs. one, respectively. Renal impairment was reported in three voclosporin subjects versus one
voclosporin subject but only one subject reported a decrease of eGFR as a serious adverse
event.
Hypertension, gastroenteritis and anemia were the only other serious adverse events reported
in a greater number of subjects treated with voclosporin.
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Table 56. Incidence of Serious Adverse Events by System Organ Class and Preferred Term
; Pooled Lupus Nephritis Population).
System Organ Class
Preferred Term
Any Serious Adverse Event

Placebo
(N=266)
n (%)
50 (19)

Voclosporin
(N=267)
n (%)
61 (23)

Infections and Infestations
Pneumonia
Gastroenteritis
Urinary Tract Infection

27 (10)
10 (4)
1 (<1)
1 (<1)

27 (10)
11 (4)
4 (2)
3 (1)

Renal and Urinary Disorders
Acute Kidney Injury
Renal Impairment
Lupus Nephritis

9 (3)
2 (1)
1 (<1)
4 (2)

13 (5)
8 (3)
3 (1)
1 (<1)

Nervous System Disorders

2 (1)

9 (3)

Respiratory, Thoracic and Mediastinal Disorders

2 (1)

9 (3)

Vascular Disorders
Hypertension

3 (1)
1 (<1)

6 (2)
5 (2)

Blood and Lymphatic System Disorders
Anemia

1 (<1)
1 (<1)

5 (2)
3 (1)

Cardiac Disorders

3 (1)

3 (1)

Musculoskeletal and Connective Tissue Disorders
Systemic Lupus Erythematosus

5 (2)
4 (2)

4 (2)
4 (2)

Gastrointestinal Disorders
Adapted from Applicant’s Summary of Clinical Safety, Table 24.

4 (2)

3 (1)

In the AURA-LV study, subjects treated with voclosporin 39.5 mg BID (22/88; 25%) reported
similar rates of serious adverse events as subjects treated with voclosporin 23.7 mg BID (25/89;
28%) but more than placebo-treated subjects (14/88; 16%). The types and frequencies of
serious adverse events were similar to that reported in the pooled lupus nephritis population
with Infections and Infestations accounting for over half of all serious adverse events. A dosedependent increase in serious adverse events was not observed (data not shown).
There were three subjects who experienced nine serious adverse events in the AURION study
resulting from infections (pneumonia, n=2; acute tonsillitis, n=1). In the Ps/U population, there
was a dose-dependent increase in frequency of serious adverse events between the placebo
group (10/392; 3%) and the voclosporin 0.2 mg/kg BID (12/274; 4%), 0.3 mg/kg BID (16/348;
5%), 0.4 mg/kg BID 28/844 (3%) and 0.6 mg/kg BID (12/156; 8%) groups. The most common
serious adverse events occurring in voclosporin-treated subjects by System Organ Class were
Nervous System Disorders and Infections and Infestations.
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Review of the renal transplant population showed that voclosporin- and tacrolimus-treated
subjects reported similar frequencies and types of serious adverse events with the most
common events being Immune System Disorders.
Reviewer’s Comment:
Analysis of the pooled lupus nephritis population demonstrated a greater percentage of
voclosporin-treated subjects experiencing a serious adverse event compared to PBO-treated
subjects. The type of serious adverse events in both groups were what would be expected in
subjects with lupus nephritis resulting from immunosuppressive therapy, i.e., infection and
renal-related events. The only clear voclosporin treatment-related events appeared to be
related to Acute Kidney Injury, although voclosporin also likely contributed to the overall
immunosuppression that led to infections. While the analysis of the Ps/U population
demonstrated a dose-dependent increase in serious adverse events, a dose-dependent effect
was not observed with the high-dose voclosporin arm in the AURA-LV study.
The types of serious adverse events were similar between treatment arms and the majority of
events were reported in single subjects within an individual study. No safety signals were
identified regarding an unexpected type of serious adverse event and there was no clear
temporal relationship between the duration of voclosporin treatment and onset of a serious
adverse event (data not shown).
8.2.4.3 Dropouts and/or Discontinuations Due to Adverse Effects
8.2.4.3.1 Adverse Events Leading to Study Drug Dose Modification
Because of the known renal toxicity and blood pressure elevations associated with CNI drugs such
as voclosporin, the lupus nephritis studies had prespecified dose modification criteria to account
for decreases in eGFR and/or hypertension. Included in this section on discontinuations due to
adverse events are a review of the adverse events leading to dose modification or interruption.
As shown in Table 57, a greater proportion of voclosporin-treated subjects experienced adverse
events that led to study drug interruption compared to subjects from the placebo group, 46% vs.
25%, respectively. The most frequent SOC term related to dose modification of voclosporin was
Investigations, which included the PT “GFR decreased”. Other voclosporin-related adverse events
included infections, gastrointestinal disorders, renal and urinary disorders, vascular disorders and
nervous system disorders.
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Table 57. Incidence of Adverse Events Leading to Dose Modification by System Organ Class
; Pooled Lupus Nephritis Population)
Placebo
(N=266)
n (%)
67 (25)

Voclosporin
(N=267)
n (%)
123 (46)

Investigations

18 (7)

66 (25)

Infections and Infestations

33 (12)

36 (14)

Gastrointestinal Disorders

9 (3)

15 (6)

Renal and Urinary Disorders

4 (2)

12 (5)

Vascular Disorders

1 (<1)

7 (2)

Nervous System Disorders

1 (<1)

6 (2)

System Organ Class
Preferred Term
Adverse event leading to study drug dose modification

Adapted from Applicant’s Summary of Clinical Safety, Table 26.

The most commonly reported adverse events leading to dose modification of voclosporin were
CNI-related and included GFR decreased, renal impairment and hypertension (Table 58). The
exposure-adjusted incidence rate of GFR decreased leading to dose modification was
significantly greater in the voclosporin group compared with placebo with a difference of 24
more events/100-years of exposure in the voclosporin group (95% CI: 15.4, 32.6]). Renal
impairment and hypertension both had approximately 2.5 more events/100-years of exposureadjusted events that led to dose modification in the voclosporin group.
Table 58.
Voclosporin Group; Pooled Lupus Nephritis Population)

Adverse Event Leading to Study Drug Dose Modification
GFR decreased
Renal Impairment
Hypertension

Placebo
(N=266)
n (%)
18 (7)

Voclosporin
(N=267)
n (%)
63 (24)

2 (1)

8 (3)

0

6 (2)

Adapted from Applicant’s Summary of Clinical Safety, Table 27.

8.2.4.3.2 Adverse Events Leading to Study Discontinuation
While the overall proportion of subjects who experienced an adverse event that led to study
discontinuation was similar between the two treatment arms of the pooled lupus nephritis
population, there were differences in the specific types of adverse events (Table 59). The most
common adverse event that led to study discontinuation in the voclosporin subjects was
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decreased GFR (4%) compared to placebo subjects (2%). Renal impairment and pneumonia
were the next most frequent adverse events and occurred at similar frequencies in both
groups. Lupus nephritis was the most common adverse event resulting in study discontinuation
in placebo-treated subjects compared to voclosporin subjects, 2% vs. 1%, respectively.
Table 59.
Pooled Lupus Nephritis Population)

;

System Organ Class
Preferred Term
Adverse event leading to study drug discontinuation
Investigations
GFR decreased
Renal and Urinary Disorders
Renal impairment
Lupus nephritis
Proteinuria
Infections and Infestations
pneumonia
Musculoskeletal and Connective Tissue Disorders
Systemic lupus erythematosus

Placebo
(N=266)
n (%)
35 (13)

Voclosporin
(N=267)
n (%)
36 (14)

6 (2)
5 (2)
18 (7)
4 (2)
6 (2)
5 (2)
5 (2)
2 (1)
4 (2)
3 (1)

11 (4)
10 (4)
10 (4)
5 (2)
2 (1)
0
6 (2)
3 (1)
2 (1)
1 (<1)

Adapted from Applicant’s Summary of Clinical Safety, Table 28.

There were no clinically meaningful or statistically significant increases in the voclosporin 23.7
mg BID arm regarding exposure-adjusted incidence rates of adverse events or post-dose
adverse events leading to study discontinuation (data not shown). Serious adverse events that
resulted in study discontinuation were reported in a small number of subjects, 7% of
voclosporin subjects and 4% of placebo subjects.
Review of AURA-LV showed similar rates of adverse events that led to study discontinuation
between low-dose voclosporin and high-dose voclosporin, 18% vs. 16%, respectively. The types
of adverse events were similar between treatment arms and no new safety signal was
identified in the high-dose voclosporin group.
Reviewer’s Comment:
Subjects treated with voclosporin experienced a significantly higher number of adverse events
that led to dose modification compared to placebo-treated subjects. The majority of the dose
modifications were protocol mandated due to decreases in eGFR of voclosporin-treated
subjects. As discussed in Section 8.2.2.1, on average, dose modifications resulted in overall
lower doses of voclosporin than the intended dosing of 47.4 mg daily.
The percentages of adverse events leading to discontinuation of study drug was similar
between treatment arms; however, the specific types of adverse events differed. Voclosporin
subjects reported higher rates of decreased eGFR, while lupus nephritis was reported more
frequently in placebo subjects. These results are consistent with the expected CNI-related
189

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
safety profile of voclosporin as well as its demonstrated efficacy of voclosporin in lupus
nephritis. In general, there were no other meaningful differences between treatment arms in
the types of adverse events leading to study drug discontinuation.
8.2.4.4 Treatment Emergent Adverse Events and Adverse Reactions
As shown in Table 60, adverse events in the pooled lupus nephritis population were reported
with greater frequency in voclosporin-treated subjects compared to placebo-treated subjects.
As discussed above, a greater proportion of subjects in the voclosporin group experienced
adverse events leading to dose modifications and study drug discontinuations. Similar
proportions of subjects died due to a treatment-related adverse event but the absolute number
of deaths in the voclosporin group was double that of placebo. Note that five subjects were not
included in the pooled lupus nephritis population due to the deaths occurring greater than 30
days after the last dose of study drug; however, all deaths in the voclosporin development
program have been reviewed in Section 8.2.4.1. As discussed above, the imbalance in the
number of deaths between treatment arms appears to have resulted from a disproportionate
number of subjects with more severe and undertreated lupus nephritis being randomized to
the voclosporin 23.7 mg BID treatment arm in the AURA-LV study.
Table 60. Overview of Adverse Events (Pooled Lupus Nephritis Population; Pooled Lupus
Nephritis Population)

Event Category
Any adverse event
Any treatment-emergent adverse event
Any treatment-related treatment-emergent adverse event
Any serious treatment-emergent adverse event
Any severe treatment-emergent adverse event
Any treatment-emergent adverse event leading to dose modifications
Any treatment-emergent adverse event leading to study drug discontinuation
Any treatment-emergent adverse event leading to death

Placebo
(N=266)
n (%)
234 (88)
232 (87)
60 (23)
50 (19)
37 (14)
67 (25)
35 (13)
4 (2)

Voclosporin 23.7 mg BID
(N=267)
n (%)
244 (91)
244 (91)
125 (47)
61 (23)
53 (20)
123 (46)
36 (14)
8 (3)

Adapted from Applicant’s Summary of Clinical Safety, Table 14.

8.2.4.4.1 Common Adverse Events
Incidence – Lupus Nephritis Population
In the pooled lupus nephritis safety population, 91% of subjects in the voclosporin group
reported 1,662 treatment-emergent adverse events compared to 88% of placebo-treated
subjects who experienced 1,197 treatment-emergent adverse events (Table 61). Infections and
Infestations accounted for the majority of adverse events in the voclosporin (62%) and placebo
(55%) groups, which was not unexpected given the degree of immunosuppression.
Gastrointestinal disorders were the next most common type of adverse events with a reported
45% and 35% of voclosporin and placebo subjects, respectively. Voclosporin-treated subjects
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also experienced more adverse events than placebo-treated subjects the following System
Organ Classes: Investigations, Nervous System Disorders, Skin and Subcutaneous Tissue
Disorders, General Disorders and Administration Site Conditions, Blood and Lymphatic System
Disorders, Vascular Disorders, Respiratory, Thoracic and Mediastinal Disorders, Eye Disorders
and Cardiac Disorders.
Table 61. Incidence of TreatmentSubjects Any Group; Pooled Lupus Nephritis Population)

System Organ Class
Any treatment-emergent adverse event
Infections and Infestations
Gastrointestinal Disorders
Investigations
Nervous System Disorders
Musculoskeletal Disorders
Skin and Subcutaneous Tissue Disorders
General Disorders and Administration Site Conditions
Blood and Lymphatic System Disorders
Vascular Disorders
Respiratory, Thoracic and Mediastinal Disorders
Metabolism and Nutrition Disorders
Renal and Urinary Disorders
Eye Disorders
Cardiac Disorders
Injury, Poisoning and Procedural Complications
Psychiatric Disorders
Reproductive System and Breast Disorders

Placebo
(N=266)
n (%)
232 (87)
146 (55)
94 (35)
46 (17)
44 (17)
65 (24)
52 (20)
49 (18)
42 (16)
36 (14)
25 (9)
25 (9)
46 (17)
13 (5)
14 (5)
17 (6)
14 (5)
15 (6)

Voclosporin 23.5 mg BID
(N=267)
n (%)
244 (91)
166 (62)
121 (45)
95 (36)
74 (28)
68 (26)
69 (26)
64 (24)
54 (20)
55 (21)
54 (20)
54 (20)
34 (13)
25 (9)
20 (8)
17 (6)
15 (6)
11 (4)

Adapted from Applicant’s Summary of Clinical Safety, Table 15.

As presented in Table 62, review of the incidence of adverse events by PT in the pooled lupus
nephritis population showed that GFR decreased was the most frequently reported adverse
event in voclosporin-treated subjects (26%) compared with placebo-treated subjects (9%)
followed by hypertension (19% versus 9%, respectively). Both of these adverse events are wellrecognized effects of CNIs and the study protocols included prespecified guidelines for
monitoring eGFR and blood pressure for purposes of potential dose modification. Additional
renal-related adverse events that were greater in subjects treated with voclosporin compared
to placebo included renal impairment (6% versus 3%, respectively) and acute kidney injury (3%
vs 1%, respectively).
Although Infections and Infestations had the highest frequency of overall adverse events by
SOC, the incidence of individual infections were lower than 10% in voclosporin and placebo
subjects except for upper respiratory tract infections (16% versus 15%, respectively) and urinary
tract infections (10% versus 6%, respectively). Most Infections and Infestations related adverse
events had comparable weighted incidences between treatment arms except for urinary tract
infections and gingivitis.
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Voclosporin-treated subjects experienced a greater number of gastrointestinal-related adverse
events compared to the placebo group and included diarrhea (19% versus 13%, respectively),
abdominal pain upper (7% versus 2%, respectively), dyspepsia (6% versus 3%, respectively),
abdominal pain (5% versus 2%, respectively) and mouth ulcerations (4% versus 1%,
respectively).
Additional adverse events that were reported more frequently in subjects treated with
voclosporin included headache, anemia, cough, alopecia, fatigue, tremor, decreased appetite
and hypertrichosis.
Table 62. Incidence of Treatment-Emergent Adverse Events by Preferred Term in the
Voclosporin Group
Placebo Group (Pooled Lupus Nephritis Population)

Preferred Term
GFR decreased
Hypertension
Diarrhea
eadache
Anemia
Cough
Urinary Tract Infection
Abdominal Pain Upper
Alopecia
Dyspepsia
Renal Adverse Reactions*
Abdominal Pain
Mouth Ulceration
Fatigue
Tremor
Acute Kidney Injury
Decreased Appetite
Gingivitis
Hypertrichosis

Placebo
(N=266)
n (%)
25 (9)
23 (9)
35 (13)
22 (8)
16 (6)
6 (2)
17 (6)
6 (2)
7 (3)
7 (3)
7 (3 )
5 (2)
3 (1)
3 (1)
2 (1)
2 (1)
3 (1)
0
0

Voclosporin 23.5 mg BID
(N=267)
n (%)
70 (26)
51 (19)
50 (19)
40 (15)
33 (12)
29 (11)
26 (10)
19 (7)
17 (6)
16 (6)
15 (6)
14 (5)
11 (4)
10 (4)
9 (3)
9 (3)
9 (3)
6 (2)
6 (2)

Adapted from Applicant’s Summary of Clinical Safety, Table 16. *Renal Adverse Reactions defined as renal impairment,acute kidney injury,
blood creatine increased, azotemia, renal failure, oliguria, and proteinuria.

A total of 43% of subjects from both treatment arms reported the general intensity of adverse
events as moderate or mild (28% of voclosporin subjects and 30% of placebo subjects). Severe
adverse events were reported in a larger proportion of subjects treated with voclosporin
compared to the placebo group (20% versus 14%, respectively).
Severe adverse events were reported across several SOCs and the incidence of any single
adverse event was 3% in either group. The highest frequency of severe adverse events
occurred in the Infections and Infestations SOC (6% of voclosporin subjects and 4% of placebo
subjects) with pneumonia being the most frequently reported severe adverse event (3%) in
both treatment arms.
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Although being common events overall, severe adverse events of GFR decreased (3% versus
2%) and hypertension (1% versus 1%) were uncommon and occurred in similar proportions
between the voclosporin and placebo treatment arms, respectively. Other severe adverse
events occurred infrequently (<5 subjects) and generally demonstrated comparable incidence
rates between placebo and voclosporin, except for severe headache and severe neutropenia,
which were only reported in voclosporin-treated subjects.
Time Course – Lupus Nephritis Population
The incidence of adverse events in the pooled lupus nephritis population was variable across
time periods (0 to 4 weeks, 4 to 12 weeks, 12 to 26 weeks and >26 weeks) but consistently
greater in subjects treated with voclosporin. The highest incidence of adverse events occurred
during the 12 to 16-week period for both treatment groups with 69% of voclosporin subjects
and 62% of placebo subjects.
In the first 4-weeks of study treatment, Gastrointestinal Disorders were the most frequently
reported types of adverse events in the voclosporin and placebo groups (24% versus 15%,
respectively) followed by Infections and Infestations (20% versus 14%, respectively),
Investigations (12% versus 5%, respectively), and General Disorders and Administration Site
Conditions (12% versus 5%, respectively). The most frequently reported adverse events were
hypertension (10% versus2%, respectively), diarrhea (9% versus 4%, respectively) and GFR
decreased (9% versus 1%, respectively). During this time period, voclosporin-treated subjects
reported a greater increase in Infections and Infestations compared to the placebo group (5%
versus 3%, respectively).
From Weeks 4 to 12, the most frequent adverse events were Infections and Infestations
(voclosporin [23%] versus placebo [23%]) followed by Investigations (voclosporin [14%] versus
placebo [5%]). Twelve percent of both treatment arms reported Gastrointestinal Disorders and
the most frequently reported adverse event was decreased eGFR (voclosporin [11%] versus
placebo [3%]). No other adverse event was reported in >5% of subjects treated with
voclosporin during this time period.
Infections and Infestations were the most frequent types of adverse events reported between
Weeks 12 to 26 with a similar proportion of subjects in each treatment arm (voclosporin 30%
and placebo 28%). Gastrointestinal Disorders and Investigations were more frequently reported
in voclosporin-treated subjects than placebo-treated subjects (16% versus 10% and 16% versus
7%, respectively). GFR decreased and upper respiratory tract infection were the most
commonly reported adverse events and reported in a greater proportion of the voclosporin
group than the placebo group (13% versus 4% and 7% versus 5%, respectively).
For adverse events occurring beyond Week 26, Infections and Infestations continued to be the
most frequently reported types of adverse events with more voclosporin subjects compared to
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placebo subjects (31% versus 23%, respectively) followed by Gastrointestinal Disorders (17%
versus 12%, respectively) and Investigations (13% versus 6%, respectively). The most frequent
adverse events were upper respiratory tract infections and GFR decreased (9% versus 8% and
8% versus 4%, respectively).
Further analysis of the potential CNI-related toxicities showed that hypertension was the most
frequent adverse event in the first 4-weeks of the study but the incidence decreased by
approximately half in the following study periods. The incidence of hypertension was greater in
the voclosporin group compared to the placebo group in the first six months of treatment but
was similar between treatment arms in the last six months (data not shown). Three cases of
hypertensive crisis occurred in the pooled lupus nephritis population with two placebo subjects
in the first 26-weeks and one voclosporin subject after 26-weeks. Subjects treated with
voclosporin had significantly more first-time events of hypertension than placebo subjects in
the first four weeks (109 more events/100 patient years; 95% CI: 52, 167]). The exposureadjusted incidence rate of hypertension in voclosporin subjects decreased 4-fold after fourweeks of study treatment and there were no statistically significant differences between study
arms.
Glomerular filtration rate decreased was the most frequently reported adverse reaction,
reported in 25 patients (11.3 per 100 patient-years) treated with placebo, 70 patients (37.1 per
100 patient-years) treated with voclosporin 23.7 mg, and 27 patients (48.7 per 100 patientyears) treated with voclosporin 39.5 mg twice a day. In patients treated with voclosporin 23.7
mg twice a day, decreases in glomerular filtration rate occurred within the first 3 months of
voclosporin treatment in 50/70 (71%), with 39/50 (78%) resolved or improved following dose
modification, and of those 25/39 (64%) resolved or improved within 1 month. Decreases in
glomerular filtration rate resulted in permanent discontinuation of voclosporin in 10/70 (14%),
and resolved in 4/10 (40%) 3 months after treatment discontinuation.
Renal adverse reactions (defined as renal impairment, acute kidney injury, blood creatinine
increased, azotemia, renal failure, oliguria, and proteinuria) were reported in 22 patients (9.5
per 100 patient-years) treated with placebo, 26 patients (11.3 per 100 patient-years) treated
with voclosporin 23.7 mg, and 11 patients (16.5 per 100 patient-years) treated with voclosporin
39.5 mg twice a day.
Serious renal adverse reactions were reported in 9 patients (3.7 per 100 patient-years) treated
with placebo, 13 patients (5.6 per 100 patient-years) treated with voclosporin 23.7 mg, and
zero patients (0 per 100 patient-years) treated with voclosporin 39.5 mg twice a day. The most
frequent serious renal adverse reactions were acute kidney injury and renal impairment.
The majority of adverse events that demonstrated a greater EAIR in the voclosporin group
compared to the placebo group was due to CNI-related adverse events (Table 63). Most of the
events also had a higher weighted incidence ( 2% difference) in the voclosporin group.
Conversely, several of the adverse events that had shown a higher weighted incidence
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compared with placebo (see Table 63) did not demonstrate a substantial increase in EAIR, e.g.,
diarrhea, urinary tract infection, dyspepsia, renal impairment, fatigue, acute kidney injury, and
decreased appetite.
Table 63. Exposure-Adjusted Incidence of Adverse Events by Preferred Term (Difference of >2
Events in the Voclosporin Group Compared with Placebo; Pooled Lupus Nephritis Population).

Preferred Term
Any adverse event
GFR decreased
Hypertension
Cough
Headache
Anemia
Abdominal Pain Upper
Alopecia
Abdominal Pain
Mouth Ulceration
Tremor
Gingivitis
Hypertrichosis
Joint Swelling
Gingival Hyperplasia

Placebo
(N=266)
n/Exp
EAIR
234/60
392
28/227
12
27/226
12
7/238
3
22/224
10
20/229
9
6/237
3
7/235
3
5/237
2
3/239
1
2/239
1
0/241
0
0/241
0
0/241
0
0/241
0

Voclosporin 23.5 mg BID
(N=267)
n/Exp
EAIR (difference from placebo; 95% CI)
244/41
601 (214; 123, 305)
71/197
36 (24; 15, 34)
52/207
25 (13; 5, 21)
29/230
13 (10; 5, 15)
40/220
18 (9; 1, 15)
35/227
15 (7; 0.4, 13)
19/234
8 (6; 2. 10)
17/237
7 (4; 0.2, 8)
14/239
6 (4; 0.2, 7)
11/241
4 (3; 0.2, 6)
9/239
4 (3; 0.2, 6)
6/243
3, (3; 1, 5)
6/243
3 (3; 1, 5)
5/245
2 (2; 0.3, 4)
5/244
2 (2; 0.3, 4)

Adapted from Applicant’s Summary of Clinical Safety, Table 21; Exp-=exposure (years); EAIR=Exposure-adjusted incidence rate, number of
events per 100 years of exposure??; CI=confidence interval.

Review of the AURA-LV study showed similar types of adverse events as the pooled lupus
nephritis population; however, there was a clear dose-dependent increase in the number of
voclosporin-associated adverse events. A greater proportion of subjects treated with
voclosporin 39.5 mg BID (85/88; 97%) reported adverse events compared to subjects treated
with voclosporin 23.7 mg BID (82/89; 92%) and placebo-treated subjects (75/88; 85%).
Other Populations

195

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
In the Ps/U population, all voclosporin treatment arms experienced a greater frequency of
adverse events compared to the placebo treatment arm but there was a not a clear dosedependent increase in frequency of adverse events (data not shown). The most common
adverse events occurring in voclosporin-treated subjects by System Organ Class were Infections
and Infestations, Gastrointestinal Disorders and Nervous System Disorders. Overall, the types
and relative frequency of adverse events were consistent with those observed in the pooled
lupus nephritis population and no new safety signals were identified.
Review of the renal transplant population showed that voclosporin- and tacrolimus-treated
subjects reported similar frequencies and types of adverse events with the most common
events being hypertension, tremor and increased serum creatinine.
Reviewer’s Comment:
In the pooled lupus nephritis population, the most frequent adverse events by SOC that were
reported in a greater proportion of voclosporin-treated subjects included Infections and
Infestations (62%), Gastrointestinal Disorders (45%) and Investigations (36%). Urinary tract
infections were the most commonly reported adverse event in Infections and Infestations;
diarrhea was the most common adverse event reported for Gastrointestinal Disorder and GFR
Decrease was the most commonly reported adverse event for Investigations. Overall, the types
of adverse events were consistent with lupus nephritis subjects treated with
immunosuppressant therapy and similar to other CNI inhibitors. No unique safety signal was
identified.
8.2.4.4.2 Laboratory Findings
8.2.4.4.2.1 Renal Function
In the pooled lupus nephritis population, the mean baseline corrected eGFR was similar
between both treatment arms with a mean of 79 ± 16 mL/min/1.73 m 2. The corrected eGFR
was requested by the Data and Safety Monitoring Board and rounded all values >90
mL/min/1.73m2 to 90 mL/min/1.73m 2. Starting at Week 4, mean eGFR values in the voclosporin
arm were lower than the placebo arm but remaining with in the normal range of >60
mL/min/1.73m2 (Figure 10). Conversely, the mean eGFR values in the placebo group were
above baseline from Week 4 to Week 52 (83 ± 13 mL/min/1.73 m 2).
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Figure 10. Mean (±95% CI) Corrected eGFR (mL/min/1.73 m2) Over Time.

The maximum mean decrease from baseline in the corrected eGFR of the voclosporin group
was -3.4 mL/min/1.73m2 at Week 4, which was statistically significantly less than placebo with a
mean difference of -5.6 mL/min/1.73m 2. The differences in change from baseline between
voclosporin and placebo were statistically significant at all time points of the study and while
the differences were not clinically meaningful in the context of subjects overall renal function, it
does demonstrate voclosporin’s CNI-related nephrotoxicity (data not shown). A further
subgroup analysis of corrected eGFR by Week 52 renal response demonstrated that there was a
similar mean decline of approximately -3 to -5 mL/min/1.73m 2 by Week 4 in both responders
and non-responder subjects treated with voclosporin (data not shown). This change in eGFR
from baseline in the beginning of treatment with voclosporin would be expected as a result of
the hemodynamic effects of voclosporin, as a calcineurin inhibitor. 41,42 Further, it would not be
consistent with chronic nephrotoxicity characterized by a continued progressive eGFR decline
which would be concerning for a chronic treatment. To further assess the clinical significance
of the observed eGFR decreases, in a pre-submission communication, the Agency requested
analyses of eGFR following discontinuation of therapy. In response, the Applicant provided the
available information from study AURA-LV, where treatment was discontinued at Week 48 and
patients were followed for additional 2 weeks. Approximately 80% of the study participants
were included at Week 48 and 50 analyses. After discontinuation of the study treatment at

41

Kopp JB, Klotman PE. Cellular and molecular mechanisms of cyclosporin nephrotoxicity. J Am Soc Nephrol. 1990
Aug;1(2):162-79. PMID: 2104260.
42
Naesens M, Kuypers DR, Sarwal M. Calcineurin inhibitor nephrotoxicity. Clin J Am Soc Nephrol. 2009
Feb;4(2):481-508. doi: 10.2215/CJN.04800908. PMID: 19218475.

197

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
Week 48, the mean eGFR increased at Week 50 back to baseline values for all subgroups
receiving both 23.7 and 39.5 mg doses (Figure 1) regardless of baseline renal function studied in
AURA-LV. Of note, the subgroups included subjects with and without dose adjustment based on
the protocol specified criteria supporting the rationale of Applicant’s proposed management of
renal toxicity based on eGFR.
Changes in eGFR were also analyzed by the Applicant to determine the slope of change in the
subjects who completed one-year of treatment from the pooled lupus nephritis population
(n=377) and the pooled long-term lupus nephritis population who completed one-year of
treatment and consented to participate in AURORA-2 (n=216). The analysis showed that in the
first four weeks, the eGFR slope was negative in the voclosporin group and positive in the
placebo group; however, after Week 4 the voclosporin group changed to a positive direction
and the two treatment arms maintained relatively flat slopes through the end of the respective
studies (data not shown). The Applicant interpreted this data as evidence that voclosporin does
not cause an excess decline in renal function over time; however, the analysis should be
interpreted with caution as it only assessed subjects who completed the study.
As discussed in Section 8.2.2.1, 123/267 (46%) of voclosporin-treated subjects included in the
pooled lupus nephritis population experienced an adverse event that led to study drug dose
modification resulting in a lower total mean daily dose of voclosporin compared to the
expected proposed dose, 39.1 mg versus 47.4 mg, respectively. However, it should be noted
that dose modification of voclosporin allowed for subjects to continue active treatment for a
similar duration of therapy as compared to subjects receiving placebo. The majority of the
adverse events leading to study drug dose modification in voclosporin-treated subjects was due
to eGFR decreases, which is consistent with the known short-term reversible hemodyamic
effects of other calcineurin inhibitors (the reader is referred to Secton 6). The data do not
suggest chronic irreversible calcineurin inhibitor-related nephrotoxicity; however, the data
submitted to this application is insufficient to assess the safety of voclosporin treatment longer
than 12 months. Consequently, language should be added to the label recommending caution
when prescribing voclosporin for the treatment of lupus nephritis beyond 12 months until
further data is available to assess the long-term risks. Additional data from the ongoing
AURORA-2 study may provide information on the safety and efficacy of longer-term use of
voclopsorin the this patient population.
A small number of subjects in the pooled lupus nephritis population developed eGFR decreases
of 30%. A greater proportion of subjects treated with voclosporin experienced confirmed
eGFR decreases of 30% compared to placebo subjects at each time point of the studies in the
pooled lupus nephritis population with the largest differences between treatment arms
occurring at Week 4 (5% vs. 2%, respectively; Table 64). While the majority of the deceases in
eGFR were not accompanied with changes in electrolytes, seven voclosporin-treated subjects
and one placebo-treated subjects did have a reported clinically meaningful change in potassium
and/or magnesium. Of the seven voclosporin-treated subjects experiencing an eGFR decrease
of 30% and electrolyte abnormalities two subjects restarted voclosporin but experienced a
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subsequent decrease of eGFR and were discontinued from study drug; four subjects did not
restart voclosporin, and one subject restarted voclosporin and continued into AURORA-2.
(Pooled Lupus

Table 64.
Nephritis Population).

2

Week 4
Week 8
Week 12
Week 16
Week 20
Week 24
Week 36
Week 52

Placebo
(N=266)
n/N (%)
6/261 (2)
5/256 (2)
3/247 (1)
5/237 (2)
3/231 (1)
2/224 (1)
3/203 (2)
3/183 (2)

Voclosporin 23.5 mg BID
(N=267)
n/N (%)
13/263 (5)
7/247 (3)
5/245 (2)
10/241 (4)
10/230 (4)
8/222 (4)
8/210 (4)
3/198 (2)

Adapted from Applicant’s Summary of Clinical Safety, Table 57.

Serum creatinine levels were higher at all time points in the voclosporin group compared to the
placebo group but were not clinically meaningful (data not shown). Mean blood urea nitrogen
levels decreased throughout the study treatment periods in both treatment groups but
significantly larger decreases were observed in the placebo treatment arm (data not shown).
Additional Analyses
eGFR Recovery After Study Drug Discontinuation in the Pooled Lupus Nephritis
Population
Analyses were conducted for the subset of subjects in the pooled lupus nephritis population
who experienced an adverse event of eGFR decreased and subsequently discontinued
treatment (either temporarily or permanently) and assessed whether their eGFR function
returned to baseline levels by the end of the study.
A total of 112 adverse events of eGFR decreased were reported in 70/267 (26%) voclosporintreated subjects. Of these 112 adverse events of eGFR decreased, 90 (80%) resolved or
improved compared to 22 (20%) adverse events resulting in worsening or not recovered eGFR.
In comparison, 25/266 (9%) placebo-treated subjects reported 32 adverse events of eGFR
decreased with 23 (72%) of the adverse events having resolved or improved and 9 (28%)
adverse events worsening or not having recovered to baseline GFR.
These results show that although a greater number of voclosporin-treated subjects experienced
an adverse event of eGFR decreased compared to placebo-treated subjects (26% versus 9%,
respectively), similar proportions of subjects had recovery of their eGFR toward baseline (80%
versus 72%, respectively). Taken together, the data further support the impression that the
observed eGFR decreases associated with voclosporin are related to its hemodynamic effects
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and are reversible with discontinuation of the drug and are similar to rates of eGFR in placebotreated subjects who experienced adverse events of eGFR decreased.
Review of Recovery After Study Drug Discontinuation in the Psoriasis/Uveitis Population
Renal related adverse events from the Ps/U database were reviewed to assess the degree of
nephrotoxicity and to what extent the voclosporin-related pharmcodynamic effects were
reversible. As expected, GFR decreased adverse events were reported more frequently in
voclosporin-treated subjects compared to placebo, 8% versus 4%, respectively. Subjects
exposed to voclosporin had small mean changes in renal laboratory parameters consistent with
these adverse events but were typically no different from the placebo treatment arm following
discontinuation of voclosporin.
Voclosporin-treated subjects demonstrated a dose-response relationship regarding decreases
in eGFR compared to placebo subjects. The smallest decreases in eGFR occurred in the 0.2
mg/kg BID treatment arm, which were largely not clinically meaningfully from placebo. Subjects
treated with voclosporin 0.6 mg/kg reported the largest absolute decreases in eGFR that were
significantly different from placebo at most time points with the maximum mean eGFR
decrease, -14 ml/min/1.73 m2, occurring at Week 20. Analysis of the mean corrected eGFR at
the last off-treatment visit demonstrated that eGFR levels in voclosporin-treated subjects
returned to the same level as placebo-treated subjects regardless of voclosporin dose.
These data from the Ps/U database demonstrate the voclosporin-related decreases in eGFR due
to the calcineurin-related hemodynamic effect and that the effect was demonstrated to be
reversible as evidenced by the return of voclosporin-treated subjects’ eGFR returning to the
same levels as placebo-treated subjects.
Review of Subject Narratives of Renal-Related Serious Adverse Events
Review of the renal-related serious adverse event narratives for the AURORA-1 study was
performed to identify cases of potentially severe voclosporin-induced nephrotoxicity separate
from the known reversible hemodynamic effect of calcineurin inhibitors. Five cases of
voclosporin-treated subjects and four placebo-treated subjects were identified that required
subjects to receive dialysis. Each of the cases were medically complex and all decreases in eGFR
were accompanied by protocol-defined dose modifications of voclosporin and MMF. In all
cases, there were indications that the decrease in renal function was related to active lupus
nephritis as evidenced by clinical manifestations or laboratory evaluation including increasing
proteinuria, associated SLE symptoms, renal biopsy, or active urine sediment. Review of the
voclosporin related cases suggested a lack, or loss, of efficacy of voclosporin in these subjects as
compared to voclosporin-induced renal injury.
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Review of Available Renal Biopsies
Pathology results from four unscheduled, for-cause, renal biopsies conducted during the study
were reviewed to assess for potential calcineurin inhibitor-related toxicity. One subject was
randomized to placebo and three subjects were randomized to the voclosporin treatment arm.
All four subjects were adjudicated as non-responders at both Week 24 and Week 52. Review of
the biopsies by an independent pathologist demonstrated potential calcineurin inhibitorrelated changes in the placebo subject despite that fact that the patient was never exposed to
calcineurin inhibitors. Review of the renal biopsies from the three voclosporin subjects were
consistent with active lupus nephritis. Global glomerulsclerosis, in part due to fibrocellular
cresecent formation, was reported from the renal biopsy of a voclosporin-treated subject who
had chronically active lupus nephritis. While it is impossible to rule out whether some of the
chronic changes of fibrosis was related to voclosporin, it is unlikely given the fact that the
subject’s kidney function was declining rapidly prior to enrollment in AURORA-1 and that the
presence of fibrocellular crescents suggests that the damage is a result of active, ongoing lupus
nephritis. Although limited in scope, this data does not demonstrate an acute nephrotoxic
effect from voclosporin beyond the hemodynamic changes resulting in decreased eGFR.
Reviewer’s Comment:
These data support the conclusions discussed above showing that increased proportions of
voclosporin-treated subjects experienced renal-related adverse events. The greater numbers of
voclosporin subjects compared to placebo subjects experiencing eGFR decreases of 30%,
increased serum creatinine and higher blood urea nitrogen further support a voclosporininduced nephrotoxicity that is consistent with other calcineurin inhibitor drugs.
The greater frequency of renal adverse events in subjects treated with voclosporin is not
unexpected given that voclosporin is a calcineurin inhibitor, which are known to be associated
with nephrotoxicity. The majority of voclosporin-related renal adverse events, most notably
decreases in eGFR, appeared to be reversible and related to the hemodynamic effects of
voclosporin. As discussed here and in Section 6, subjects who experienced a decrease in eGFR
and discontinued voclosporin subsequently had an increase in their baseline eGFR toward levels
similar to that of the placebo arm. Reversibility of decreased eGFR was also demonstrated by
the data presented in the Ps/U studies, which similarly demonstrated a return of renal function
following discontinuation of voclosporin to levels consistent with placebo-treated subjects.
The Applicant’s algorithm for dose adjustment of voclosporin is also supported by this data as
subjects who required dose modifications were still able to continue active treatment for a
similar duration of therapy as compared to subjects receiving placebo, thus, limiting the time
off therapy. Even decreases of 30% in eGFR did not preclude resumption of treatment after
temporary discontinuation of drug. Additionally, the small number of available renal biopsies
did not identify calcineurin inhibitor-related changes.
The product labeling includes a Warning for nephrotoxicity with guidance to prescribers to
monitor eGFR regularly during treatment and to consider dose reduction or discontinuation in
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patients with decreases in eGFR from baseline. Further, persistent decrease of eGFR should be
evaluated for chronic calcineurin inhibitor nephrotoxicity.

8.2.4.4.2.2 Liver Function Parameters
Aspartate aminotransferase, alanine aminotransferase, and gamma-glutamyl transpeptidase
were within normal ranges at all time points and there were no meaningful differences
between treatment groups (data not shown). There was no difference in the percentages of
subjects with shifts from baseline representing a Grade 1 or 2 worsening of aspartate
aminotransferase or alanine aminotransferase and no subjects in either group had Grade 3 or 4
shifts.
Mean bilirubin values were within normal ranges at all time points in both treatment arms
(data not shown). Small increases from baseline for bilirubin were observed in the voclosporin
group, which were statistically significantly different from the changes from baseline in placebo
between Weeks 4 and 20 but not clinically meaningful. The maximum mean increase from
baseline was at Week 52 for voclosporin (mean increase of 0.09 mg/dL) and placebo (mean
increase 0.06 mg/dL). Two voclosporin-treated subjects experienced a bilirubin shift in CTCAE
grade (both from normal to Grade 2) while no placebo subjects had a bilirubin shift in CTCAE
grade while on treatment.
Alkaline phosphatase gradually increased from baseline in the voclosporin group in contrast to
sporadic changes experienced in subjects treated with placebo (data not shown). Mean values
remained within the normal range (37 to 116 U/L) at all time points. The maximum mean
increase in alkaline phosphatase was at Week 52 in both the voclosporin group (16 ± 21 U/L)
and placebo group (10 ± 20 U/L). Most subject in the voclosporin group did not experience
any shifts in CTCAE grade of alkaline phosphatase, and in those that did have a shift, only one
subject shifted more than a single grade. Twenty-five (10%) subjects shifted from normal to
Grade 1; one subject (<1%) shifted from normal to Grade 3; and one subject (<1%) shifted from
Grade 1 to 2. In contrast, 5% of placebo subjects experienced their worst shift from normal to
Grade 1.
Nine subjects from the voclosporin group and six subjects from the placebo group had a
Grade 2) transaminase or bilirubin result recorded during study
treatment (data not shown). These results were observed sporadically in one to two subjects
per time point per group and were not sustained between visits. Only one voclosporin-treated
subject presented with changes in both aminotransferases and bilirubin that were potentially
indicative of liver injury (Hy’s Law). This subject had increases in alanine aminotransferase (>5x
ULN), aspartate aminotransferase (>5x ULN), and bilirubin (>2x ULN) on Day 31, however; study
treatment had been previously discontinued on Day 23 following several adverse events,
including drug-induced liver injury that was reported as hepatotoxicity secondary to antituberculosis medication. The subject was taking multiple concomitant medications, including
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rifampicin (a known hepatotoxin) as well as other comorbidities, including pulmonary
tuberculosis starting on Day 22 and pericarditis tuberculous leading to death on Day 40. There
were no other subjects with changes in transaminases and bilirubin suggestive of liver injury,
nor any other adverse events of drug-induced liver injury in the lupus nephritis population.
8.2.4.4.2.3 Electrolytes
Mean calcium levels were below the normal range (8.5 to 10.5 mg/dL) in the voclosporin group
at baseline but increased to within the normal range during study treatment (8.4 ± 0.7 mg/dL at
baseline and 9 ±0.5 mg/dL at Week 52). In the placebo group, calcium levels were normal
starting at baseline and remained stable throughout study treatment. The changes from
baseline were significantly greater in the voclosporin group than placebo at all time points
calcium at baseline (data not shown). Shifts from normal to below normal or from below
normal to a more severe category of below normal at any time during study treatment
occurred in both voclosporin and placebo groups at similar frequencies. The incidence of
hypocalcemia as an adverse event was <1% in both treatment groups.
The changes from baseline in potassium were significantly different between treatment groups
at every visit but overall, the magnitude of changes were not clinically meaningful and mean
values remained within the normal range (3.5 to 5.0 mmol/L) in both treatment arms at all time
points (data not shown). In the voclosporin group, approximately 15% of subjects shifted from
normal to above normal or from normal to below normal during study treatment. Increases to
CTCAE Grade 2 and Grade 3 hyperkalemia occurred in 6% and 1% of voclosporin and placebo
subjects, respectively. Conversely, 8% of placebo subjects experienced a shift from normal to
above normal and 28% of subjects had a shift from normal to below normal. There was no
meaningful difference between treatment groups in the adverse events incidence of
hypokalemia or hyperkalemia.
The changes from baseline in magnesium were significantly different between treatment
groups at every visit, but the magnitude of changes were not clinically meaningful and mean
values remained within normal range (1.8 to 2.4 mg/dL; data not shown). In the voclosporin
group, magnesium levels decreased by 0.06 to 0.17 mg/dL at each visit, with the largest
decreases over the first 20 weeks and smallest decreases over the last six months of study
treatment. In comparison, magnesium levels were stable in the placebo group. In the
voclosporin group, approximately half of the subjects experienced a shift from normal to below
normal, the majority of whom had only a single grade shift except one subject who shifted from
normal to CTCAE Grade 3 hypomagnesemia. Approximately 20% of placebo-treated subjects
shifted from normal to below normal by CTCAE grade; no subjects shifted more than a single
grade lower. Adverse events related to changes in serum magnesium were rare in both
treatment arms.
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8.2.4.4.2.4 Hematology
Consistent with subjects presenting with lupus nephritis and treated with immunosuppressants,
mean and median values for hematocrit, hemoglobin, and red blood cells were near or below
the lower limit of the respective normal ranges in both treatment groups at all time points.
Both groups experienced small decreases from baseline in mean hematocrit, hemoglobin, and
RBC values throughout study treatment at most time points. These decreases were larger in the
voclosporin group than placebo group at each time point and were usually statistically
significantly different from placebo, but the overall changes were not clinically meaningful at
the group level (data not shown). The percentage of subjects who shifted at least one grade
lower in hemoglobin during study treatment was similar between treatment arms (data not
shown).
Mean platelet counts were within the normal range throughout study treatment, with no
differences between treatment groups in changes from baseline.
Leukocytes, lymphocytes, and neutrophils initially increased from baseline at Week 4 in both
treatment groups, with larger increases from baseline in the voclosporin group than the
placebo group; however, absolute counts were within the normal range. After Week 4, mean
leukocyte counts were lower than baseline in both treatment groups with no differences
between treatments, and mean values continued to remain within normal ranges at all time
points (data not shown). A lower percentage of voclosporin-treated subjects (3%) shifted to
Grade 3 or 4 lymphocytes compared with placebo-treated subjects (7%). Neutrophils remained
normal in most subjects in both treatment groups overall, with shifts to Grade 3 or 4
neutrophils occurring at approximately 2% in both groups.
8.2.4.4.2.5 Lipids and Glucose
Hyperlipidemia is a common comorbidity in subjects with lupus nephritis and was frequently
reported in the medical history of the study populations. Mean baseline values for total
cholesterol, low-density lipoprotein, and triglycerides were above the respective normal ranges
in both placebo and voclosporin groups (data not shown). Overall, lipid profiles improved in
both treatment groups throughout the study periods, with significantly greater improvements
observed in the voclosporin group compared with placebo.
Total cholesterol levels gradually decreased from baseline in both treatment groups and
entered the normal range (upper limit 200 mg/dL) by Week 52 in the voclosporin group
(Baseline: 289 ± 111 mg/dL; Week 52: 197 ± 54 mg/dL) but not placebo subjects (Baseline: 274
± 87 mg/dL; Week 52: 210 ± 60 mg/dL). By the end of the study treatment period, the
percentage of voclosporin subjects with normal cholesterol increased from 17% at baseline to
59% and from 19% at baseline to 48% in the placebo group.
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Low-density lipoprotein levels and triglyceride levels followed a similar pattern as total
cholesterol. High-density lipoprotein levels were within the normal range in both treatment
groups and remained stable throughout the study treatment periods.
Mean glucose levels were within normal range (60 to 115 mg/dL) at all time points in both
treatment groups, with no meaningful change over the study treatment periods (data not
shown). A similar number of subjects experienced a shift above normal in the placebo group
(5%) and voclosporin group (4%). Shifts to Grade 3 hyperglycemia were observed in two
voclosporin subjects but no placebo subjects. The Grade 3 shifts in glucose in the voclosporin
group occurred in different subjects at different visits and were not sustained.
8.2.4.4.2.6 Urinalysis
In general, urinalysis parameters improved in both treatment arms with similar magnitudes of
changes and no clinically meaningful differences. Improvements in urinary protein were also
observed throughout study treatment, with a greater shift towards improvement observed in
the voclosporin group.
(voclosporin [79%] and
placebo [80%]
in
the voclosporin and placebo groups, 24% and 49%, respectively. These results are consistent
with the observed efficacy of voclosporin in treating lupus nephritis.
8.2.4.5 Vital Signs
As discussed above, the lupus nephritis study protocols included guidance for monitoring and
managing blood pressure throughout study treatment including interruption or modification of
study drug and/or the addition of antihypertensive medications as deemed clinically
appropriate. The vital sign data show that voclosporin-treated subjects experienced a clinically
insignificant increase in systolic and diastolic blood pressure (4 mmHg and 2 mmHg,
respectively) at Week 4 compared to no change in blood pressure in the placebo group. By the
end of treatment, mean blood pressure was lower than baseline values in both study treatment
groups. Additionally, there were no clinically meaningful findings in heart rate, temperature, or
body weight measurements in the pooled lupus nephritis study population.
8.2.4.5.1 Systolic Blood Pressure
In the pooled lupus nephritis population, mean baseline systolic blood pressure was above the
normal range (90 to 120 mmHg) in both placebo and voclosporin groups. The proportion of
roups
with 17% of voclosporin subjects and 16% of placebo subjects (data not shown).
Mean systolic blood pressure decreased in both treatment groups throughout the study
treatment periods, except for an initial, transient mean increase of 4 ±15 mmHg in only the
voclosporin group at Week 4. By Week 8, mean systolic blood pressure in the voclosporin group
was similar to baseline and by Week 52 systolic blood pressure was similar between treatment
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groups and within the normal range (120 ± 11 mmHg in the voclosporin group and 119 ±13
mmHg in the placebo group.
Significantly more voclosporinmmHg at Week 4 compared with subjects in the placebo group, 22% versus 11%, respectively..
However, there were no clinically meaningful differences between treatment arms regarding
increases of systolic blood pressure
study visits except Week 12.
0 mmHg (data not shown). Voclosporin-treated subjects were 2.5 times more likely than
placebo-treated subjects to meet both of these criteria at Week 4 (Odds Ratio: 2.5 [95% CI:
1.4, 4.4]) but there was no significant increase in odds ratio at other time points. By Week 52,
subjects and 3% of placebo subjects).
8.2.4.5.2 Diastolic Blood Pressure
In the pooled lupus nephritis population, mean baseline diastolic blood pressure was above the
normal range (60 to 80 mmHg) in both placebo (82 ±11 mmHg) and voclosporin (84 ±11 mmHg)
g at baseline was
higher in the voclosporin group (28%) compared with placebo (24%).
Changes in diastolic blood pressure were similar to the pattern observed for changes in mean
systolic blood pressure. Mean diastolic blood pressure was lower than baseline in the placebo
group at all visits throughout study treatment and at follow-up. In the voclosporin group,
there was a transient mean increase of 2 ± 12 mmHg in diastolic blood pressure at Week 4
and was significantly different from the change from baseline in placebo but is not considered
clinically meaningful. By Week 52, there was no meaningful difference between treatment
groups in the mean diastolic blood pressure and values were within the normal range in both
groups (78 ± 9 mmHg in the voclosporin group and 77 ± 10 mmHg in the placebo group).
than baseline at Week 4 in both the placebo (38%) and voclosporin (54%) groups, which
subsequently returned towards the baseline distribution. Voclosporin subjects had a
1.3, 2.7]) and Week 8 (2.0 [95% CI: 1.3, 3.1]) but not at other time points. At Week 52, the
percentage in eac
with no meaningful difference between treatment groups.
Consistent with the time course of change in mean diastolic blood pressure values,
significantly more voclosporin-treated sub
mmHg at Week 4 compared with the placebo group (40% vs 27%, Odds Ratio 1.8 [95% CI: 1.3,
2.7]). There was no significant increase in odds ratio with voclosporin treatment for an
206

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
ther visits, except Week 12 (Odds Ratio 1.9 [95% CI: 1.1, 3.2]). At
Week 52, there were fewer subjects in the voclosporin group (11%) than the placebo group
Few subjects experienc
(data not shown). Voclosporin-treated subjects were 2.4 times more likely than placebotreated subjects to meet both of these criteria at Week 4 (Odds Ratio 2.4 [95% CI: 1.5, 3.6]).
The perc
mmHg progressively decreased in both treatment arms except for a transient increase from
Week 24 to Week 36 in the voclosporin group (5% to 9%). By Week 52, the percentage of
respectively).
8.2.4.5.3 Heart Rate
Mean heart rate values were within normal ranges (60 to 100 beats per minutes) at all time
points in both treatment groups (data not shown). There were clinically insignificant changes
from baseline in each group. The placebo group had mean heart rates of 80 ±12 and 77 ± 11
beats per minute at baseline and Week 52, respectively. The voclosporin group had similar
heart rates of 83 ± 12 and 79 ± 11 at baseline and Week 52, respectively.
8.2.4.5.4 Body Temperature and Weight
At baseline, mean temperature was 36.6°C in both groups, and remained stable throughout all
visits (data not shown). Elevations in temperature (>38.3°C) were rare and observed in both
the placebo and voclosporin arms.
Mean body weight was approximately 65 kg at baseline and 64 kg at Week 52, with no
differences observed between treatment groups. A small percentage of subjects experienced
body weight increases or decreases, with no clear trend or differences between treatment
groups.
8.2.4.5.5 Electrocardiograms
A detailed, independent analysis of electrocardiogram (ECG) data from the AURA-LV study in
subjects with lupus nephritis showed no evidence of ECG-related safety concerns. Mean values
for heart rate and PR, QRS, and QTcF intervals were stable across visits with only nominal
differences between treatment groups. Regression analysis of change of QTcF from baseline
(adjusted for placebo) showed a minimally negative slope that was not statistically different
from a slope of zero. As a result of these conclusions from the AURA-LV study, it was
determined that the ECG monitoring (12-lead) requirements would be reduced for the AURORA
1 study.
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Electrocardiogram results from the AURORA-1 study were similar to the AURA-LV study. There
were no clinically meaningful changes from baseline or differences between treatment groups
in ECG parameters. No subject recorded a QTcF of >500 msec. Two adverse events of QT
prolongation were recorded in one subject (increases of 92 msec and 53 msec from baseline)
and this subject discontinued voclosporin treatment following the second event. QTcF
prolongation (an increase from baseline of 76 msec) was confirmed in a second subject who
had discontinued study treatment 22 days earlier, but the event was not recorded as an
adverse event. Both subjects were asymptomatic and continued follow-up in the study. An
independent review of ECG interval changes from AURORA-1 was also performed and
concluded that there were no meaningful signs of cardiac repolarization.
8.2.4.5.6 QT
The following analysis was performed by the Agency’s Interdisciplinary Review Team for
Cardiac Safety Studies QT Review. Presented here is a summary of the team’s findings and the
reader is referred to their review for further detailed analysis.
A dose-dependent, delayed QT prolonging effect was observed after a single dose treatment in
two QT studies, but the effect appeared to attenuate after repeated dosing for seven days.
Nonclinical cardiac safety studies could not explain the observations in the clinical QT studies.
The effect of voclosporin was evaluated in a single dose, parallel group TQT study ISA03-11
(primary study), a multiple-dose, crossover QT study ISA05-03 (primary study), and a placebocontrolled, parallel-group Phase 2 study AUR-voclosporin-2012-01 (supportive study). The
highest dose evaluated was a single dose of 4.5 mg/kg single dose or 1.5 mg/kg BID, which
covers the worst-case exposure scenario (strong CYP3A inhibition). The data were analyzed
using by-timepoint analysis as the primary analysis, which suggest that voclosporin is
associated with dose-dependent QTc prolonging effect after single dose but there is no large
mean increase after repeated dosing (refer to section 0) – see Table 65 for overall results. The
findings of this analysis are further supported by data from the concentration-response
analysis on the two QT studies and categorical analysis of all three clinical studies.
Table 65. The Point Estimates and the 90% CIs (FDA Analysis)
Study
ISA03-11

Treatment
Day Time (hour)
(msec)
90% CI
Voclosporin 0.5 mg/kg (N=40)
1
4
4.9
(1.4, 8.4)
Voclosporin 1.5 mg/kg (N=40)
1
6
14.2
(10.3, 18.1)
Voclosporin 3.0 mg/kg (N=40)
1
6
22.5
(18.6, 26.4)
Voclosporin 4.5 mg/kg (N=40)
1
6
30.6
(26.7, 34.5)
ISA05-03 Voclosporin 0.3 mg/kg BID (N=40)
7
3
0.9
(-3.1, 4.8)
Voclosporin 0.5 mg/kg BID (N=40)
7
4
1.1
(-2.6, 4.8)
Voclosporin 1.5 mg/kg BID (N=41)
7
6
1.8
(-2.7, 6.3)
Systemic exposures at the 0.5 mg/kg treatment groups were similar to that at the proposed therapeutic dose.
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Given that many patients with SLE are also commonly prescribed hydroxychloroquine, also
know to affect QT prolongation, the review team recommends language be included in the
product label to describe the QT prolongation effect to prescribers.
Analysis of Submission-Specific Safety Issues
Adverse events of special interest assessing voclosporin’s potentially related CNIs toxicities
were reviewed.
8.2.5.1 Acute Renal Failure
Preferred Terms relating to potential cases of renal failure were identified using the Acute
Renal Failure Standard MedDRA Queries (SMQ). In the pooled lupus nephritis population, a
total of 33% of voclosporin-treated subjects versus 18% of placebo-treated subjects reported
an adverse event in this SMQ (Table 66). The majority of these subjects experienced GFR
decreased (voclosporin group: 26%; placebo group: 9%) that resulted in dose modification of
study drug. Excluding GFR decreased events, Acute Renal Failure SMQ adverse events were
experienced in 32 voclosporin subjects compared to 21 adverse events experienced by placebo
subjects. The majority of these remaining Acute Renal Failure SMQ adverse events were
clinically related to the sequela of decreased eGFR, e.g., azotemia, oliguria, and renal
impairment (by definition of decreased eGFR/increased serum creatinine).
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Table 66. Summary of All Preferred Terms Appearing in the Acute Renal Failure SMQ (Pooled
Lupus Nephritis Population).
Any Adverse Event

System Organ Class
Preferred Term
+-Any Event
Investigations
GFR Decreased
Blood Creatinine Increased
Renal and Urinary Disorders
Renal Impairment
Acute Kidney Injury
Azotemia
Renal Failure
Oliguria
Proteinuria

Any Serious Adverse Event

Placebo
(N=266)
n (%)

Voclosporin 23.7
mg BID
(N=267)
n (%)

Placebo
(N=266)
n (%)

Voclosporin 23.7
mg BID
(N=267)
n (%)

47 (18)

89 (33)

5 (2)

13 (5)

27 (10)
25 (9)
2 (1)
20 (8)
7 (3)
2 (1)
0
1 (<1)
0
10 (4)

70 (26)
70 (26)
1 (1)
24 (9)
15 (6)
9 (3)
1 (<1)
1 (<1)
1 (<1)
0

1 (<1)
1 (<1)
0
4 (2)
1 (<1)
2 (1)
0
0
0
0

1 (<1)
1 (<1))
0
12 (5)
3 (1)
9 (3)
0
0
0
0

Adapted from Applicant’s Summary of Clinical Safety Table 29.

Renal adverse events that occurred more frequently in the voclosporin group compared to the
placebo group were renal impairment (6% versus 3%, respectively) and acute kidney injury (3%
versus 1%, respectively). Azotemia and oliguria were reported individually by two subjects
treated with voclosporin but no placebo subjects. Proteinuria was only reported in the placebo
treatment arm (4%) and not reported in the voclosporin group. Renal failure occurred in one
subject from each treatment arm.
Serious Renal and Urinary Disorders occurred in a greater proportion of voclosporin-treated
subjects compared to placebo-treated subjects (13 subjects versus 9 subjects, respectively).
Serious adverse events of acute kidney injury were reported in eight voclosporin subjects
compared to two placebo subjects, while lupus nephritis was reported in four placebo subjects
versus one voclosporin subject.
Review of the serious adverse event narratives identified five cases of voclosporin-treated
subjects and four placebo-treated subjects who required dialysis. Each of the cases were
medically complex and all decreases in eGFR were accompanied by protocol-defined dose
modifications of voclosporin and MMF. In all cases, there were indications that the decrease in
renal function was related to active lupus nephritis as evidenced by clinical manifestations or
laboratory evaluation including increasing proteinuria, associated SLE symptoms, renal biopsy,
or active urine sediment. Review of the voclosporin related cases suggested a lack, or loss, of
efficacy of voclosporin in these subjects as compared to voclosporin-induced renal injury.
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There is limited data regarding the use of voclo
mL/min/1.73m2 since these subjects were excluded from enrollment. However, upon request,
the Applicant performed an additional analysis of their database and provided data that 17
subjects (voclosporin, n=9; placebo, n=8) enrolled into AURORA-1 had
mL/min/1.73 m2 (range 26 to 44 mL/min/1.73 m2) at screening or baseline visits. Eleven of
these subjects were screened with eGFR values >45 mL/min/1.73 m2 but had an eGFR value
earlier screening visit but had an eGFR value >45 at a subsequent screening visit.
Of the 17 subjects, three did not complete the study (voclosporin, n=1: withdrawal from study;
placebo, n=2: withdrawal from study), and 14 (voclosporin, n=8; placebo, n=6) completed the
trial. Nine of these subjects (voclosporin, n=5; placebo, n=4) entered the AURORA-2
continuation study, suggesting that benefit was experienced by patients in both treatment
(b) (4)
groups.
given the safety data from AURORA-1 was similar between treatment groups for these
subjects. However, more data will be required to better assess the safety of voclosporin in
Reviewer’s Comment:
The majority of the adverse events identified using the Acute Renal Failure SMQ appear to be
related to voclosporin’s known CNI-related acute nephrotoxic effect on eGFR that improved
(b) (4)
following dose modification/interruption in most subjects.
it is important to remember that these adverse events
necessitated dose modification or interruption and that the majority of subjects were unable
to return to the full proposed dose of voclosporin 23.7 mg BID. Consequently, the review team
disagrees with the Applicant’s conclusions and believes that the data indicate a clinically
meaningful adverse effect of voclosporin on subjects’ kidneys and that should be conveyed in
the product labeling. Careful eGFR monitoring is recommended to detect acute changes
prompting dose modifications, as needed, to allow for continued treatment, albeit, at a lower
dose.
8.2.5.2 Chronic Kidney Disease
Preferred terms relating to potential chronic kidney disease events were identified using the
Chronic Kidney Disease SMQ. In the pooled lupus nephritis population, a total of 30% of
voclosporin-treated subjects versus 23% of placebo-treated subjects reported an adverse event
in this SMQ (data not shown); however, this includes a large number of subjects that had a
temporary GFR decrease (26% versus 9%, respectively) that required dose modification of study
drug. Exclusive of GFR decreases, there was a greater proportion of placebo-treated subjects
(43 events) compared to voclosporin-treated subjects (19 events) who reported an adverse
event identified by the Chronic Kidney Disease SMQ.
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Subjects in the placebo group reported the adverse event of lupus nephritis more frequently
than voclosporin subjects (6% versus 1%, respectively). Additional adverse events reported only
in the placebo treatment arm include proteinuria (4%), hypoalbuminemia (2%), chronic kidney
disease (<1%), leukocyturia (<1%), and nephritic syndrome (<1%). These adverse events are
consistent with persistently active lupus nephritis and likely reflects voclosporin’s efficacy in
treating the disease compared to placebo. Hyperkalemia was reported in a greater proportion
of subject in the voclosporin arm compared to placebo (2% versus 1%).
A greater proportion of subjects in the placebo group experienced serious adverse event in the
Chronic Kidney Disease SMQ compared with the voclosporin group (3% versus 1%,
respectively). There were only single occurrences of these events, except for four placebo
subjects who reported a serious adverse event of lupus nephritis compared with one
voclosporin subject.
Reviewer’s Comment:
Due to the manner in which adverse events of the Chronic Kidney Disease SMQ are organized,
the majority of the adverse events reported were due the decrease of eGFR, which has been
discussed previously and appears to reflect hemodynamically-mediated effects of voclosporin
or activity of the underlying lupus nephritis as opposed to chronic kidney toxicity. Other terms
suggestive of chronic kidney disease were more frequent in subjects treated with placebo and
were related to ongoing lupus nephritis. The one-year duration of controlled comparisons in
the voclosporin lupus nephritis program is not sufficient to capture potential chronic
voclosporin-related nephrotoxicity.
8.2.5.3 Adjudicated Renal Events
Adjudicated renal events were selected and summarized based on independent adjudication
of blinded adverse events in the lupus nephritis studies by the Data and Safety Monitoring
Board (a.k.a., adjudication committee) according to prespecified criteria. Selected events
included all adverse events from the Cardiac Disorders, Vascular Disorders, and Renal and
Urinary Disorders SOCs and events from other SOCs where the adverse event term suggested
renal or cardiovascular involvement. The committee reviewed the appropriateness of the PT
and the Investigator-assigned causality (related or unrelated to study treatment or disease).
The adjudication committee considered all available information and made an independent
determination of the relationship to study treatment for all events they reviewed.
Additionally, the adjudication committee upgraded causality to related unless they could
conclusively rule out any relationship to study treatment.
Adjudication in the pooled lupus nephritis population identified renal events in 38% of
voclosporin-treated subjects and 28% of subjects treated with placebo (Table 67). Treatmentrelated adjudicated renal adverse events were more common in the voclosporin group
compared to the placebo group (26% versus 9%, respectively). As discussed below the
majority of these adverse events were related to eGFR decreases caused by the CNI associated
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hemodyamic effects of voclosporin. Similar frequencies of voclosporin and placebo subjects
experienced serious adjudicated renal adverse events (6% versus 5%, respectively) and
treatment-related serious adjudicated renal adverse events (2% versus 1%, respectively).
Table 67. Summary of Adjudicated Renal Adverse Events (Pooled Lupus Nephritis Population)
Placebo
(N=266)
n (%)
75 (28)
12 (5)
25 (9)
2(1)

System Organ Class
Preferred Term
Any Adjudicated Renal Adverse Event
Any Adjudicated Serious Renal Adverse Event
Any Adjudicated Related Renal Adverse Event
Any Adjudicated Related Serious Renal Adverse Event

Voclosporin 23.7 mg BID
(N=267)
n (%)
100 (38)
16 (6)
69 (26)
5 (2)

Adapted from Applicant’s Summary of Clinical Safety, Table 31.

The adjudication committee reviewed all reported adverse events of GFR decreased and
determined that the relationship of some of these reported adverse events should be changed
from not related to related in both treatment groups. Consequently, the incidence of
treatment-related adjudicated GFR decreased was higher than reported above for both
voclosporin (19% unadjudicated versus 22% adjudicated adverse events) and placebo groups
(3% unadjudicated versus 6% adjudicated adverse events). In a similar manner, the incidence of
unadjudicated versus adjudicated treatment-related renal impairment was 2% versus 3% in the
voclosporin group and 1% vs 2% in the placebo group. The incidence of unadjudicated vs
adjudicated acute kidney injury remained approximately the same as previously reported.
Adjudicated serious renal adverse events included primarily Renal and Urinary Disorders, which
were reported in a greater proportion of voclosporin subjects (5%) than placebo (3%). Other
adjudicated serious renal adverse events included various types of Infections and Infestations
voclosporin treatment arms). Several subjects had an adjudicated treatment-related serious
renal adverse event, including acute kidney injury (voclosporin, n=2; placebo, n=0), renal
impairment (voclosporin, n=1; placebo, n=0), lupus nephritis (voclosporin, n=0; placebo, n=1),
GFR decreased (one subject in each of placebo and voclosporin treatment arms), and
pyelonephritis acute (voclosporin, n=1; placebo, n=0).
Reviewer’s Comment:
The results of the adjudicated renal events are generally consistent with the non-adjudicated
renal events assessments.
8.2.5.4 Adjudicated Cardiovascular Events
Similar to renal events, adjudicated cardiac events were selected and summarized based on
independent adjudication of adverse events that occurred in the lupus nephritis studies. Events
that were selected for adjudication include PTs from both the Cardiac Disorders and Vascular
Disorders System Organ Class. The committee considered all available information and made an
independent determination of the relationship to study treatment for all events they reviewed.
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Additionally, the adjudication committee upgraded causality to related unless they could
conclusively rule out any relationship to study treatment.
Adjudication of adverse events in the pooled lupus nephritis population demonstrated a
greater proportion of voclosporin-treated subjects (28%) compared to placebo-treated
subjects (20%) experienced at least one adjudicated cardiac-related adverse event.
Treatment-related adjudicated cardiac adverse events were more common in the voclosporin
group compared to the placebo group (12% versus 5%, respectively). Similarly, voclosporin
subjects compared to placebo subjects also had a higher frequency of serious adjudicated
cardiac adverse events (4% versus 3%, respectively) and similar frequencies of treatmentrelated serious adjudicated cardiac adverse events (1% for both treatment arms).
The most commonly reported adjudicated cardiac event was hypertension, which was
reported more frequently in voclosporin subjects (19%) compared to placebo subjects (9%).
Other cardiac-related adverse events were reported with irregular incidence of <2% and no
clear differences between treatment groups (data not shown).
There was a higher incidence of adjudicated adverse events classified as Cardiac Disorders
reported in the voclosporin group (8%) than in the placebo group (5%) with 20 voclosporintreated subjects experiencing 28 events compared with 14 placebo-treated subjects
experiencing 15 events. Adjudicated cardiac adverse events reflecting disturbances in heart
rate or rhythm were reported more frequently in voclosporin subjects compared to placebo
subjects including tachycardia, palpitations, sinus tachycardia, bradycardia, atrioventricular
block second degree, bundle branch block right, ventricular asystole, ventricular extrasystoles,
Wolff-Parkinson-White syndrome, and electrocardiogram QT prolonged. Cardiac-related
adverse events that only occurred in the voclosporin group included cardiac failure (n=3),
cardiac failure acute (n=1), and cardiac failure congestive (n=1).
Adjudicated serious adverse events of hypertension were infrequent in the voclosporin and
placebo groups (5/267 [2%] versus 1/266 [<1%]) and was only considered treatment-related
by the adjudication committee in one subject from each group. Adjudicated hypertensive crisis
adverse events were deemed to be serious and treatment-related in one placebo subjects and
one voclosporin subject.
Other adjudicated serious cardiac adverse event was infrequent and occurred in both
treatment groups. Voclosporin-treated subjects had the following adjudicated serious cardiac
adverse events: cardiac failure (n=2), acute coronary syndrome (n=1), cardiac failure acute
(n=1), cardiac failure congestive (n=1), cerebral hemorrhage (n=1), and cerebral infarction
(n=1); however, none of these adverse events were considered treatment-related by the
adjudication committee. The placebo group also experienced serious cardiac events according
to adjudication, but were not treatment-related, except for the single case of cerebrovascular
accident discussed above (one subject each).
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Reviewer’s Comment:
The results of adjudicated cardiac events demonstrate again that a greater number of
voclosporin-treated subjects experienced hypertension compared to placebo-treated subjects.
However, the incidence of serious adverse events related to hypertension was low in both
groups. Reports of cardiac arrhythmias are concerning, especially the two cases of QT
prolongation in light of the fact that the majority of systemic lupus erythematosus patients are
also prescribed hydroxychloroquine, which also prolongs the QT interval. Consequently,
language will be added to the product label regarding the potential for QT prolongation
including the Warnings and Precautions Section.
8.2.5.5 Calcineurin Inhibitor-Related Adverse Events
The Applicant defined CNI-related adverse events based on Adverse Event Group Terms and
included adverse effects previously associated with other drugs of this class, except for GFR
decreases which have been discussed elsewhere in this review.
Overall, 32% voclosporin subjects compared to 23% of placebo subjects experienced a CNIrelated adverse event (Table 68). CNI-related adverse events that were reported in voclosporinlacebo included hypertension (19%
versus 9%, respectively), hypertrichosis (2% versus 0, respectively), hirsutism (2% versus 0,
respectively), tremor (3% versus 1%, respectively), and gingival hypertrophy (2% versus 0,
respectively).
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; Pooled

Table 68. Calcineurin InhibitorLupus Nephritis Population)

System Organ Class
Preferred Term
Any Event
Vascular Disorders
Hypertension
Hypertensive Crisis
Investigations
Weight Decreased
Blood Pressure Increased
Metabolism and Nutrition Disorders
Hyperlipidemia
Hyperglycemia
Hypertriglyceridemia
Skin and Subcutaneous Tissue Disorders
Hypertrichosis
Hirsutism
Nervous System Disorders
Tremor
Gastrointestinal Disorders
Gingival Hypertrophy
Renal and Urinary Disorders
Proteinuria

Placebo
(N=266)
n (%)

Voclosporin 23.7 mg BID
(N=267)
n (%)

61 (23)

86 (32)

24 (9)
23 (9)
3 (1)
7 (3)
1 (<1)
3 (1)
21 (8)
6 (2)
4 (2)
7 (3)
0
0
0
2 (1)
2 (1)
0
0
11 (4)
10 (4)

52 (20)
51 (19)
1 (<1)
14 (5)
6 (2)
5 (2)
12 (5)
7 (3)
2 (1)
1 (<1)
11 (4)
6 (2)
4 (2)
9 (3)
9 (3)
5 (2)
5 (2)
2 (1)
0

Adapted from Applicant’s Summary of Clinical Safety Table 35.* Excluding GFR decrease

One known adverse event of CNIs is the development of new-onset diabetes mellitus. Analysis
of the pooled lupus nephritis population did not identify a greater incidence of events
suggestive of new-onset diabetes or hyperglycemia in either treatment arm. A single
voclosporin-treated subject did experience a serious adverse event of diabetes mellitus, but it is
confounded by chronic corticosteroid use that included other known corticosteroid toxicities
including avascular necrosis, liver dysfunction, cholelithiasis, and pancreatitis.
Adverse events related to hair growth were only observed in the voclosporin group, including
hypertrichosis (2%) and hirsutism (2%). Gingival hypertrophy was also reported infrequently
and only the voclosporin treatment arm (1.9%).
Similar results were observed with the voclosporin 39.5 mg BID dose in the AURA-LV study
with no apparent dose-dependent increase in the incidence of CNI-related adverse events.

216

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
Reviewer’s Comment:
Calcineurin inhibitor-related adverse events occurred in a greater proportion of voclosporintreated subjects compared to placebo subjects, including hypertrichosis, hirsutism, and
gingival hypertrophy. These adverse events are clearly related to voclosporin’s CNI-related
activity and further supports the body of evidence that voclosporin has a safety profile
consistent with that of other drugs in its class. The review team recommends adding language
to the product label describing these adverse events.
8.2.5.6 Opportunistic Infections
The incidence of opportunistic infections was 1% in both treatment arms of the pooled lupus
nephritis population. A total of six opportunistic infections were reported in voclosporintreated subjects including tuberculosis, cytomegalovirus, and herpes zoster.
There were no opportunistic infections reported in subjects treated with voclosporin 39.5 mg
BID voclosporin in the AURA-LV study.
Reviewer’s Comment:
Opportunistic infections are known to occur more frequently in subjects who are
immunosuppressed. Overall, the incidence of opportunistic infections in the pooled lupus
nephritis population was infrequent and consistent with what would be expected in an
immunosuppressed population of subjects. While voclosporin may have contributed to the
overall immunosuppression, it was unlikely the causative agent given that subjects were also
treated with concomitant MMF and corticosteroids.
8.2.5.7 Malignancies and Skin Neoplasms
Events of malignancy and skin neoplasms were identified using the Malignancies SMQ in the
pooled lupus nephritis population. A total of four (2%) voclosporin-treated subjects, and no
placebo subjects, reported an adverse event of malignancy or neoplasm. These adverse events
included only single occurrences reported for each adverse event including: Stage-0 cervical
carcinoma, skin neoplasm, pyoderma gangrenosum, and breast tumor excision. The only
serious malignancy was cervical carcinoma. There was a single neoplasm (papilloma) reported
in subjects treated with the high-dose voclosporin in the AURA-LV study.
Reviewer’s Comment:
Similar to opportunistic infections, malignancies are known to occur more frequently in subjects
who are immunosuppressed as well as in patients treated with CNIs. Overall, the incidence of
malignancies in the pooled lupus nephritis population was infrequent and consistent with what
would be expected in an immunosuppressed population of subjects. However, it is worth
noting that the four cases of malignancy only occurred in subjects treated with voclosporin.
Given that voclosporin is a CNI and that this class of drugs is associated with an increased rate
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of malignancies and skin neoplasms, language will be added to the label to reflect the increased
risk in subjects treated with voclosporin.
Safety Analyses by Demographic Subgroups
Subgroup analyses of adverse events that occurred in the pooled lupus nephritis and long-term
lupus nephritis populations are presented by the following intrinsic factors race, baseline eGFR
and baseline UPCR. Subgroup analyses based on age, sex, and weight demonstrated similar
incidence rates and types of adverse events between treatment arms (data not shown).
8.2.6.1 Adverse Events by Race
Of the 533 subjects included in the pooled lupus nephritis population, 201 (38%) subjects were
White, 40 (8%) subjects were Asian (Indian subcontinent), 157 (30%) subjects were Asian
(other), 53 (10%) were Black, and 82 (15%) subjects were Other race.
When analyzed by race subgroup, the weighted incidences of any adverse event varied from
77% to 100% in the placebo group compared with 85% to 100% in the voclosporin group. The
lowest incidences in both the placebo and voclosporin groups were observed in the White
subgroup and the highest incidences were observed in the Asian (Indian subcontinent)
subgroup (data not shown). Voclosporin-treated subjects who were White or Black had a
higher incidence of any adverse event compared with placebo (85% versus 77% and 100%
versus 93%, respectively), whereas the incidence of adverse events was comparable between
voclosporin and placebo in subgroups of Asian (Indian subcontinent), Asian (other), and Other
races.
The incidence of serious adverse events was higher in voclosporin-treated subjects than
placebo-treated subjects in the Asian (Indian subcontinent), Asian (other), and Other race
subgroups. Conversely, more placebo subjects experiencing serious adverse events in the
White and Black subgroups. As discussed previously, there was a regional imbalance in
randomization in the AURA-LV study, with proportionately more subjects from low-GDP Asian
countries enrolled in the 23.7 mg BID voclosporin group, and the Applicant’s post-hoc analysis
suggests that this introduced bias in the incidence of serious adverse events, including death,
in this group. All of the subjects in the Asian (Indian subcontinent) pooled lupus nephritis
subgroup are from the low-GDP subgroup of the AURA-LV study.
Across all subgroups by race, Infections and Infestations and Gastrointestinal Disorders were
consistently among the most frequent types of adverse events by System Organ Class. The
types of adverse events reported from these System Organ Class groups similar in all
subgroups. However, the incidence patterns suggest some variations in relative frequency of
individual infections, which may be related to regional differences in risk of certain infections.
In White and Black subjects, urinary tract infections and influenza were common while

218

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
pneumonia, gastroenteritis, and herpes-related infections tended to be common in the Asian
and other subgroups. Upper respiratory infections were frequent in all subgroups.
Investigations as a whole, the majority of which were GFR decreased, were frequent in most
subgroups, except that Metabolism and Nutrition Disorders and Respiratory, Thoracic, and
Mediastinal Disorders occurred more frequently than Investigations in the subgroup of Asian
(Indian subcontinent) subjects.
GFR decreased was the most frequent individual adverse event in White subjects (28%
voclosporin versus 11% placebo), Asian (Indian subcontinent) subjects (50% voclosporin
versus 28% placebo), and Black subjects (34% voclosporin versus 5% placebo). In contrast, the
incidence of GFR decreased was lower in subjects who were Asian (other) or Other race. In
contrast, the most frequent adverse events in Asian (other) subgroup were upper respiratory
tract infection (35% voclosporin versus 29% placebo) and diarrhea (25% voclosporin versus
13% placebo).
In all subgroups by race, the incidence of GFR decreased was higher in the voclosporin group
compared with placebo, but there was a significant increase over placebo in exposure
adjusted incidence rates for this event only in the White (23 more events per 100 years of
subject exposure [95% CI: 6, 40]), Asian (other) (19 more events per 100 years [95% CI: 4, 34]),
and Black subgroups (43 more events per 100 years [95% CI: 6, 80]).
Hypertension was observed frequently in all subgroups by race, and the incidence was
consistently higher in voclosporin-treated subjects compared with placebo: 16% versus 7% of
White subjects, 14% versus 6% in Asian (Indian subcontinent) subjects, 23% versus 12% in
Asian (other) subjects, 21% versus 8% in Black subjects, and 23% versus 9% in subjects of
Other race.
When analyzed by race subgroup, there were typically only one or two occurrences of each
serious adverse event in each treatment group per subgroup, except for pneumonia, which
occurred more voclosporin subjects than placebo subjects in the two Asian subgroups.
8.2.6.2 Adverse Events by Baseline eGFR
Of the 533 subjects included in the pooled lupus nephritis population, 82 (15%) subjects had a
baseline eGFR
The overall incidence of adverse events was comparable between both treatment arms in the
subgroups of subjects with
but in the lowest baseline eGFR subgroup (<60 mL/min/1.73 m2), the voclosporin group had a
higher incidence of adverse events (98%) than placebo (87%). The incidence of serious adverse
events was highest in the subgroup of subjects with the worst baseline eGFR levels and lowest
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in the subgroup of subjects with the highest baseline eGFR, reflecting an increasingly greater
incidence of serious adverse events as baseline disease increased in severity with similar
incidences between voclosporin and placebo, except in the lowest eGFR subgroup (38%
voclosporin versus 29% placebo).
The eGFR subgroups experienced similar types of adverse events with Infections and
Infestations and Gastrointestinal Disorders the most frequently reported; however, there were
some differences in the frequency of individual adverse events. The incidence of adverse events
in voclosporin-treated subjects with the lowest eGFR subgroup had anemia more frequently
than subjects with higher eGFR and subjects in the highest eGFR subgroup had hypertension
more frequently than subjects with lower eGFR. In addition, the incidence of GFR decreased
was highest in subjects with the lowest baseline eGFR, which is not unexpected.
In the subgroup with the lowest baseline eGFR (<60 mL/min/1.73 m2), the most frequent
types of adverse events were Infections and Infestations, which occurred in a similar
proportion of subjects in each treatment group (50% voclosporin subjects versus 51% placebo
subjects). Other frequent types of adverse events occurred more often in the voclosporin
group: Gastrointestinal Disorders (44% versus 29%, respectively), Investigations (41% versus
34%, respectively), and Blood and Lymphatic System Disorders (39% versus 20%, respectively).
The most frequent individual adverse events had a higher incidence in the voclosporin group
compared to the placebo group: GFR decreased (39% versus 24%, respectively), anemia (27%
versus 10%, respectively), diarrhea (22% versus 10%, respectively), cough (17% versus 2%,
respectively), hypertension (15% versus 13%, respectively), headache (10% versus 2%,
respectively), and renal impairment (10% versus 2%, respectively). Only cough had an
exposure-adjusted incidence rate that was significantly different between treatment groups,
with 19 more events in the voclosporin group (95% CI: 2, 36).
The pattern of most frequent types of adverse events in the System Organ Class in the eGFR
(voclosporin versus placebo): Infections and Infestations (65% versus 59%, respectively),
Gastrointestinal Disorders (45% versus 31%, respectively), and Investigations (41 versus 21%,
respectively). The most frequent adverse events by Preferred Term were (voclosporin versus
placebo): GFR decreased (33% versus 12%, respectively), diarrhea (19% versus 11%,
respectively), upper respiratory tract infection (17% versus 11%, respectively), hypertension
(17% versus 8%, respectively), and headache (12% versus 1%, respectively). There were
significant differences in the exposure-adjusted incidence rates of GFR decreased (34 more
events in the voclosporin group [95% CI: 14, 54]) and headache (13 more events in the
voclosporin group [95% CI: 3, 22]).
Voclosporin subjects compared to placebo subjects in the eGFR >90 mL/min/1.73 m2
subgroup experienced a greater frequency of Infections and Infestations (64% versus 54%,
respectively) and Gastrointestinal Disorders (46% versus 39%, respectively). This subgroup also
reported the highest incidence of hypertension, which was the most frequent adverse event

220

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
(22% versus 8% respectively). Other frequent individual adverse events included GFR
decreased (19% versus 4%, respectively), headache (18% versus 13%, respectively), diarrhea
(18% versus 15%, respectively), nausea (12% versus 8%, respectively), cough (12% versus 2%,
respectively), and alopecia (11% versus 5%, respectively). When adjusted for exposure, there
was a significantly higher incidence in the voclosporin group of GFR decreased (20 more
events in the voclosporin group [95% CI: 10, 30]), cough (12 more events in the voclosporin
group [95% CI: 5, 20]), and hypertension (18 more events in the voclosporin group [95% CI: 6,
30]).
Serious adverse events were most frequent in the subgroup with the lowest baseline eGFR
(38% of voclosporin subjects compared to 29% of placebo subjects). Most serious adverse
events in this subgroup were consistent with lupus nephritis. Several serious adverse reactions
appeared more frequently in the voclosporin-treated subjects included anemia, acute kidney
injury, gastroenteritis, and pulmonary embolism. However, serious adverse events that may
have been CNI-related only occurred in placebo-treated subjects of this low eGFR subgroup
including hypertensive crisis (n=2), hypertension (n=1), and GFR decreased (n=1).
The incidence of serious adverse events overall and individually was comparable between
subgroups, except for hypertension and acute kidney injury in the mid-eGFR.
8.2.6.3 Adverse Events by UPCR
Of the 533 subjects included in the pooled lupus nephritis population, 432 (81%) subjects had a
baseline UPCR >2 mg/mg and 101 (19%) subjects had a baseline UPCR <2 mg/mg.
The proportions of subjects with any adverse event ranged from 87% to 92% with no
discernable differences between treatments or UPCR subgroup (data not shown). Voclosporin
subjects had a higher incidence of serious adverse events compared to placebo subjects in the
<2 mg/mg baseline UPCR group (24% versus 16%, respectively) but the incidence was similar
adverse event profile between baseline UPCR subgroups was similar with Infections and
Infestations and Gastrointestinal Disorders the most common types of adverse events in both
subgroups. The incidence of GFR decreased was higher in voclosporin-treated subjects (28%)
baseline UPCR (18%).
The most common types of adverse events in voclosporin subjects compared to placebo
subject with baseline UPCR <2 mg/mg included: Infections and Infestations (71% versus 57%,
respectively), Gastrointestinal Disorders (42% versus 27%, respectively), Skin and
Subcutaneous Disorders (39% versus 19%, respectively), and General Disorders and
Administration Site Conditions (34% versus 18%, respectively). The most frequent individual
adverse events by Preferred Term were hypertension (24% versus 4%, respectively), diarrhea
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(20% versus 14%, respectively), GFR decreased (18% versus 10%, respectively), upper
respiratory tract infection (15% versus 17%, respectively), edema peripheral (14% versus 4%,
respectively), headache (14% versus 16%, respectively), nausea (13% versus 4%, respectively),
anemia (12% versus 8%, respectively), and abdominal pain upper (12% versus 0, respectively).
Hypertension (28.2 more events than placebo [95%CI: 9.1, 47.3]) and abdominal pain upper
had a significantly higher exposure-adjusted incidence rates in the voclosporin group (14 more
events than placebo [95% CI: 3, 25]).
events that were at a greater frequency than placebo subjects included: Infections and
Infestations, Gastrointestinal Disorders, Investigations, and Nervous System Disorders (data
not shown). The most frequent individual adverse events in voclosporin subjects compared to
placebo subjects were GFR decreased (28% versus 9%, respectively), diarrhea (19% versus
13%, respectively), hypertension (18% versus 10%, respectively), upper respiratory tract
infection (16% versus 14%, respectively), headache (15% versus 7%, respectively), anemia
(12% versus 6%, respectively), and cough (12% versus 3%, respectively). Exposure-adjusted
incidence rates of the following adverse events were higher in the voclosporin group for
abdominal pain (6 more events per 100 years than placebo [95% CI: 2, 10]), GFR decreased (27
more events per 100 years than placebo [95% CI: 16, 38]), headache (11 more events per 100
years than placebo [95% CI: 3, 18]), cough (10 more events per 100 years than placebo [95%
CI: 4, 16]), and hypertension (10 more events per 100 years [95% CI: 1, 19].
Approximately half of the subjects with serious adverse events in both UPCR subgroups had
Infections and Infestations. These types of serious adverse events occurred more often in the
voclosporin group than the placebo group in the subgroup with lower baseline UPCR (16% of
voclosporin subjects versus 8% of placebo subjects) but the overall incidence was similar
between treatments in the higher baseline UPCR subgroup. The serious adverse events were
primarily pneumonia (baseline UPCR <2 mg/mg: 8% voclosporin subjects versus 2% placebo
mg/mg UPCR: 4% voclosporin subjects versus 4% placebo subjects). In the higher
baseline UPCR subgroup, serious gastroenteritis occurred only in the voclosporin group (n=4,
2%) and serious acute kidney injury occurred in six voclosporin subjects (3%) and two placebo
subjects (1%).
Additional Safety Explorations
8.2.7.1 Human Reproduction and Pregnancy
There were 14 reports of pregnancy in subjects treated with voclosporin or their partners
throughout the development program (Table 69). Seven pregnancies were in female study
subjects and seven were reports of pregnancy in the female partners of male study subjects.
There were also two reported pregnancies in female subjects treated with placebo that are
not discussed in this review.
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As shown in Table 69, of the five pregnancies in female study subjects exposed to voclosporin
in the Ps/U studies, four resulted in the delivery of healthy infants, with no reported
complications for either the mothers or the infants. In the fifth case, a subject was initially lost
to follow-up after the pregnancy was detected and study treatment was discontinued, but later
reported by telephone that the pregnancy had been terminated. No other information was
available for this pregnancy. These five female subjects had been exposed to voclosporin doses
of 0.2 to 0.4 mg/kg BID for between 28 days to 320 days, prior to discontinuing the drug.
Table 69. Pregnancy Outcomes Reported in Subjects Treated with Voclosporin

Study Population
Lupus Nephritis

Pregnancies in a Female Study
Subject
(n=7)
1 pregnancy ended with
induced abortion
1 pregnancy ongoing
4 pregnancies resulted in
delivery of healthy infant
1 pregnancy terminated

Psoriasis & Uveitis

Pregnancies in a Female Partner
of a Male Study Subject
(n=7)
None

2 pregnancies resulted in
delivery of healthy infant
1 pregnancy ended
spontaneously
1 pregnancy ended with
induced abortion
3 pregnancy outcomes
unknown

Source: Adapted from Sponsor’s Summary of Clinical Information, Table 72

Two pregnancies have been reported in female subjects with lupus nephritis who received
voclosporin 23.7 mg BID in clinical trials. One pregnancy ended by induced abortion. The second
pregnancy was ongoing at the time of data cut off. This subject was enrolled in AURORA-2 and
discontinued voclosporin 23.7 mg BID, MMF, and corticosteroids after 553 days of study
treatment at the time of discovering the pregnancy (approximately three-weeks gestation). The
most recent information as of 18-weeks gestation indicated she was receiving prenatal care and
that the pregnancy was progressing normally. Delivery is planned by caesarean section due to
exacerbation of pre-existing hypertension.
Of the seven cases of pregnancy in female partners of male study subjects, two resulted in the
delivery of healthy infants and no further follow-up was required. One partner pregnancy
ended spontaneously at 19-weeks gestation; the male subject had received voclosporin 0.3
mg/kg BID. No further information about this pregnancy is available. One pregnancy in the
partner of a subject who received voclosporin 0.4 mg/kg for 58 days at the time the study
center received notification of the pregnancy was terminated electively. The partner’s medical
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history was unremarkable, and she previously had three healthy children. No other
information is available.
There were three cases of partner pregnancies in which the outcomes were unknown. The
partner of a subject received approximately seven months of treatment with voclosporin 0.4
mg/kg, became pregnant on an unknown date. The partner was one-month pregnant at the
time the subject discontinued from study treatment. The outcome of this pregnancy is not
known.
A second subject reported that his partner became pregnant while he was being treated with
voclosporin 0.4 mg/kg. The subject discontinued from the study approximately seven months
after beginning treatment. The subject was subsequently lost to follow-up and the outcome of
the pregnancy is unknown. Lastly, there was a reported pregnancy in the partner of a subject
that occurred >15 days after the study treatment was stopped which was outside the window
for following up on subjects, and thus no further information was collected, and the outcome
is unknown.
Reviewer’s Comment:
While there were no apparent adverse maternal or fetal outcomes reported in the voclosporin
development program to date, the overall data are inadequate and there are no wellcontrolled studies of voclosporin in pregnant women. Additionally, any information regarding
pregnancy or fetal harm obtained from the lupus nephritis study is subject to be confounded
by concomitant treatment with MMF, a known teratogen. In nonclinical studies, voclosporin
was not teratogenic in animal studies at doses that caused maternal toxicity; however,
tacrolimus, another CNI, does have labeling language warning of potential fetal harm including
teratogenicity and embryo-fetal death. The Division of Pediatric and Maternal Health has been
consulted regarding potential labeling language and whether a possible post-marketing
requirement is necessary.
8.2.7.2 Overdose, Drug Abuse Potential, Withdrawal, and Rebound
8.2.7.2.1 Overdose
Overall there is limited data on voclosporin overdose. A single case of accidental overdose case
was reported from the renal transplant study involving a subject randomized to the 0.4 mg/kg
BID treatment group. The subject accidentally received a dose of 150 mg (equivalent to 2.2
mg/kg) instead of the intended 15 mg (equivalent to 0.4 mg/kg). The subject was subsequently
hospitalized due to tremors and tachycardia. At the time of hospitalization, the subject’s
is creatinine level was 1.3 mg/ml (baseline
value was 1.4 mg/mL). Voclosporin treatment was interrupted during the hospital stay, and
trough levels steadily dropped during that time. The subject recovered without complications
two days later and was discharged. Voclosporin treatment was restarted after the tachycardia
and tremors resolved, and the adverse event did not recur.
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There were two cases of voclosporin overdose in AURORA-1. The first subject accidentally
dosed more than prescribed on some mornings for a total of 12 extra capsules over a fourweek period. The adverse was considered mild and intermittent and was not associated with
any medical intervention or ongoing sequelae. The second voclosporin-treated subject had an
intentional multidrug overdose, which included an estimated 20 tablets each of atorvastatin,
sulfamethoxazole / trimethoprim, and MMF, but did not involve an overdose of voclosporin.
Additional information on potential adverse effects of voclosporin overdose can be inferred
from the phase 2 drug-drug interaction study in which coadministration of ketoconazole and
voclosporin resulted in an 18-fold increase in voclosporin exposure in healthy volunteers. These
subjects experienced increases in serum creatinine, decreases in serum magnesium, and
increases in blood pressure, which were considered to be effects directly related to the large
increase in voclosporin exposure.
8.2.7.2.2 Drug Abuse
No studies were conducted specifically to evaluate the abuse and dependence potential of
voclosporin because the CNI class is not known to have any abuse potential and there is no
pharmacological mechanism indicating that voclosporin would be associated with a potential
for drug abuse.
8.2.7.2.3 Withdrawal and Rebound
In general, review of adverse events that began following completion of study treatment as
well as analyses of post-treatment trends in renal function, does not indicate that there is any
negative withdrawal or rebound effects associated with stopping voclosporin treatment.
Safety in the Postmarket Setting
Voclosporin in not approved for use for any indication anywhere in the world. Consequently,
there is no postmarketing experience with voclosporin. There is extensive postmarketing
experience with other CNIs.
Integrated Assessment of Safety
A total of 365 subjects with lupus nephritis were exposed to any dose or duration of
voclosporin and formed the primary source of evidence for the safety review. An additional
1,733 voclosporin-exposed subjects with psoriasis, uveitis, and renal transplant were also
included to provide supportive data; however, as the underlying pathology and concomitant
treatment of these conditions differ significantly from lupus nephritis, the data was only
reviewed to identify any potential safety signals not observed in the lupus nephritis program.
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Of the 533 subjects included from studies AURA-LV and AURORA-1 (pooled lupus nephritis
population), 196/267 (73%) voclosporin-treated subjects and 181/266 (68%) placebo-treated
subjects completed the protocol-defined course of study treatment of approximately one-year.
Safety data beyond 12-months (long-term lupus nephritis population) consisted of 356 subjects,
including subjects who continued beyond the 52-week study periods of AURA-LV and AURORA1, as well as subjects enrolling from AURORA-1 to AURORA-2. Of the 310 subjects completing
AURORA-1, 116/163 (71%) voclosporin-treated subjects and 100/147 (68%) placebo-treated
subjects continued to AURORA-2.
Exposure data for the pooled long-term population is incomplete as AURORA-2 is ongoing and
there is a lag in the documentation for approximately half of the enrolled subjects.
Furthermore, the long-term lupus nephritis population primarily consists of subjects who
completed AURORA-1 and voluntarily enrolled in AURORA-2. In fact, there are 94 (30%)
subjects who were enrolled in AURORA-1 but did not continue in the AURORA-2 study, which
represents a significant proportion of missing long-term safety data. Thus, the long-term lupus
nephritis data is limited and potentially biased toward subjects who better tolerated the study
drug and therefore would have fewer adverse events. Consequently, the emphasis of this safety
review was conducted on the year-long controlled data comprising the pooled lupus nephritis
population, which provides sufficient data to allow for the determination of the overall riskbenefit assessment of voclosporin for the treatment of patients with active lupus nephritis;
however, caution is required when interpreting the data as the overall safety population is
small and certain types of adverse events may be more frequently observed with longer
durations of exposure to voclosporin, including CNI-related toxicities, e.g. chronic
nephrotoxicity.
Overall, the review of deaths in the voclosporin development program did not suggest an
increased mortality signal. While there was a disproportionate number of deaths in the
voclosporin 23.7 mg BID treatment arm of the AURA-LV study, this appears to be explained by
an imbalance in regional randomization introducing bias towards poorer safety outcomes. The
reader is referred to Section 8.2.4.1, for a more detailed discussion. Further supporting
evidence suggesting the lack of a mortality signal is provided by the absence of a dose-response
in the number of deaths in subjects treated with voclosporin 39.5 mg BID in the same study.
Additionally, in the AURORA-1 study, there were fewer deaths in the voclosporin treatment arm
compared to the placebo arm (one versus five, respectively), which would not be expected had
voclosporin had a direct impact on increased mortality. Lastly, there was no apparent mortality
signal identified in the Ps/U and renal transplant safety databases. The most common cause of
death in subjects treated with voclosporin were due to an infectious etiology that were likely
exacerbated by concomitant treatment with MMF and corticosteroids. The causes of the
remainder of the deaths (e.g., pulmonary emboli, CVA) are not readily applicable to the
mechanism of action of voclosporin and appear to be related to underlying SLE and lupus
nephritis.
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There was a greater percentage of voclosporin-treated subjects experiencing an adverse event
or serious adverse event compared to placebo-treated subjects. The EAIR of serious adverse
events in the voclosporin and placebo groups was 32 and 26 events/100-years of exposure,
respectively. The majority of serious adverse events were a result of infections and occurred in
approximately 10% of both treatment arms and demonstrated similar exposure-adjusted
treatment arm. Eight events of acute kidney injury were reported in the voclosporin group
compared to two placebo-treated subjects. Conversely, there was a greater number of subjects
with serious adverse events of lupus nephritis in the placebo group compared to the
voclosporin group, four vs. one, respectively. Renal impairment was reported in three
voclosporin subjects versus one voclosporin subject but only one subject reported a decrease of
eGFR as a serious adverse event. Hypertension, gastroenteritis and anemia were the only other
serious adverse events reported in a greater number of subjects treated with voclosporin.
Adverse events in the pooled lupus nephritis population were reported with greater frequency
in voclosporin-treated subjects compared to placebo-treated subjects. Review of the one-year
controlled data did not identify a definitive relationship between the duration of voclosporin
exposure and the onset of adverse events or serious adverse events. A greater proportion of
subjects in the voclosporin group experienced adverse events leading to dose modifications and
study drug discontinuations. Infections and Infestations accounted for the majority of adverse
events in both treatment arms, which was not unexpected given the degree of
immunosuppression. Gastrointestinal disorders were the next most common type of adverse
events. Voclosporin-treated subjects also experienced more adverse events than placebotreated subjects the following System Organ Classes: Investigations, Nervous System Disorders,
Skin and Subcutaneous Tissue Disorders, General Disorders and Administration Site Conditions,
Blood and Lymphatic System Disorders, Vascular Disorders, Respiratory, Thoracic and
Mediastinal Disorders, Eye Disorders and Cardiac Disorders.
A dose-dependent response in voclosporin-associated adverse events was observed in the
AURA-LV study. A greater proportion of subjects treated with voclosporin 39.5 mg BID reported
adverse events compared to subjects treated with voclosporin 23.7 mg BID and placebo-treated
subjects. Incidence rates of serious adverse events were similar between the two voclosporin
arms, but both were greater than placebo-treated subjects.
Calcineurin-inhibitors are known to have several class-related adverse events including acute
and chronic nephrotoxicity, hypertension, neurotoxicity, metabolic abnormalities, infections,
malignancies and cutaneous manifestations, e.g., gingival hypertrophy, hypertrichosis.
Consequently, the voclosporin safety database was specifically analyzed for these adverse
events of special interest.
Review of the safety database, including adjudicated renal events, demonstrated voclosporinrelated increase in acute nephrotoxic adverse events. In the pooled lupus nephritis population,
a total of 33% of voclosporin-treated subjects versus 18% of placebo-treated subjects reported
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an adverse event as defined by the Acute Renal Failure SMQ. The majority of these subjects had
decreases in GFR (voclosporin group: 26%; placebo group: 9%) that resulted in dose
modification of study drug. Excluding GFR decreased events, Acute Renal Failure SMQ adverse
events were experienced in 32 voclosporin subjects compared to 21 adverse events
experienced by placebo subjects. Renal adverse events that occurred more frequently in the
voclosporin group compared to the placebo group included renal impairment and acute kidney
injury. Similarly, renally-related serious adverse events including renal impairment, acute
kidney injury or renal failure occurred in a greater proportion of voclosporin-treated subjects
compared to placebo-treated subjects (12 subjects versus 4 subjects, respectively).
Starting at Week 4, mean eGFR values in the voclosporin arm remained statistically significantly
lower at all time points of the study when compared to the placebo arm despite having similar
mean baseline corrected eGFR values. In contrast, the mean eGFR values in the placebo group
were above baseline during this time period. A further subgroup analysis based on subject’s
renal response demonstrated that the decline in eGFR occurred in both responders and nonresponder subjects treated with voclosporin. Thus, while the differences between treatment
arms were not clinically meaningful in the context of subjects overall renal function, it does
demonstrate voclosporin’s CNI-related nephrotoxicity.
Changes in eGFR were also analyzed to determine the slope of change in the subjects who
completed one-year of treatment from the pooled lupus nephritis population (n=377) and the
pooled long-term lupus nephritis population who completed one-year of treatment and
consented to participate in AURORA-2 (n=216). The analysis showed that in the first four weeks,
the eGFR slope was negative in the voclosporin group and positive in the placebo group;
however, after Week 4 the voclosporin group changed to a positive direction and the two
treatment arms maintained relatively flat slopes through the end of the respective studies (data
not shown). The Applicant calculated the eGFR slope from Week 4 to Year 3 in subjects treated
beyond 12-months and demonstrated that the slopes remained flat over this time period and
did not appear to diverge. While these data are encouraging to suggest that voclosporin does
not cause an excessive decline in renal function over time, the results need to be interpreted
with caution as there is insufficient data available beyond 12-months to derive any firm
conclusion regarding the potential long-term nephrotoxic effect of voclosporin.
A greater proportion of subjects treated with voclosporin experienced confirmed eGFR
led
lupus nephritis population with the largest differences between treatment arms occurring at
Week 4. While the majority of the deceases in eGFR were not accompanied with changes in
electrolytes, seven voclosporin-treated subjects and one placebo-treated subjects did have a
reported clinically meaningful change in potassium and/or magnesium. Of the seven
voclosporinabnormalities two subjects restarted voclosporin but experienced a subsequent decrease of
eGFR and were discontinued from study drug; four subjects did not restart voclosporin, and
one subject restarted voclosporin and continued into AURORA-2.
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Preferred terms relating to potential chronic kidney disease events were identified using the
Chronic Kidney Disease SMQ and revealed that 30% of voclosporin-treated subjects versus 23%
of placebo-treated subjects reported an adverse event. This includes a large number of subjects
that had a temporary GFR decrease that required dose modification of study drug. Exclusive of
GFR decreases, there was a greater proportion of placebo-treated subjects (43 events)
compared to voclosporin-treated subjects (19 events) who reported an adverse event identified
by the Chronic Kidney Disease SMQ.
Subjects in the placebo group reported the adverse event of lupus nephritis more frequently
than voclosporin subjects. Additional adverse events reported only in the placebo treatment
arm include proteinuria (4%), hypoalbuminemia (2%), chronic kidney disease (<1%),
leukocyturia (<1%), and nephritic syndrome (<1%). These adverse events are consistent with
persistently active lupus nephritis and likely reflects voclosporin’s efficacy in treating the
disease compared to placebo. Hyperkalemia was reported in a greater proportion of subject in
the voclosporin arm compared to placebo (2% versus 1%).
A greater proportion of subjects in the placebo group experienced serious adverse event in the
Chronic Kidney Disease SMQ compared with the voclosporin group (3% versus 1%,
respectively). There were only single occurrences of these events, except for four placebo
subjects who reported a serious adverse event of lupus nephritis compared with one
voclosporin subject.
Taken together, review of the safety data clearly demonstrated an acute nephrotoxic effect
due to voclosporin treatment at the proposed dose of 23.7 mg BID. These findings are
consistent with the hemodynamic effects of other CNIs. The voclosporin-induced decreases in
eGFR typically improved following dose modification/interruption in most subjects; however,
it is important to remember that the majority of these subjects were unable to return to the
full proposed dose of voclosporin 23.7 mg BID due to decreased renal function. Consequently,
the review team believes that the data indicate acute effects on the kidneys, consistent with
the short-term nephrotoxicity of the class that should be conveyed in the product labeling.
Careful eGFR monitoring is recommended to detect acute changes prompting dose
modifications, as needed, to allow for continued treatment, albeit, at a lower dose.
Additionally, due to the manner in which adverse events of the Chronic Kidney Disease SMQ are
organized, the majority of the adverse events reported using this strategy were due to
decreases of eGFR, which was greater in the voclosporin group. However, after excluding eGFR
decreases, placebo-treated subjects were found to have a greater proportion of adverse effects
consistent with worsening lupus nephritis. However, it should be emphasized that these results
do not exclude the possibility of voclosporin inducing a CNI-related chronic nephrotoxicity.
Indeed, given that voclosporin’s overall safety profile is similar to other CNI drugs, it is likely to
also have similar chronic nephrotoxicity as well. The long-term data submitted in this
application is insufficient to adequately assess the chronic effects of voclosporin on kidney
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function and consequently, this reviewer believes that a post-marketing requirement be issued
to for the ongoing study AURORA-2 to better understand the long-term effects of voclosporin.
Adjudicated cardiac events were selected and summarized based on independent adjudication
of adverse events that occurred in the lupus nephritis studies. Adjudication of adverse events
demonstrated a greater proportion of voclosporin-treated subjects (28%) compared to
placebo-treated subjects (20%) experienced a cardiac-related adverse event. Treatmentrelated adjudicated cardiac adverse events were more common in the voclosporin group
compared to the placebo group (12% versus 5%, respectively). Similarly, voclosporin subjects
also had a higher frequency of serious adjudicated cardiac adverse events compared to
placebo subjects (4% versus 3%, respectively) and similar frequencies of treatment-related
serious adjudicated cardiac adverse events (1% for both treatment arms).
The most commonly reported adjudicated cardiac event was hypertension, which is a wellrecognized CNI-related toxicity that was reported more frequently in voclosporin subjects
(19%) compared to placebo subjects (9%). There were six cases of hypertension in
voclosporin-treated subjects that resulted in dose modification compared to none in the
placebo group.
Other cardiac-related adverse events were reported with irregular incidence of <2% and no
clear differences between treatment groups (data not shown). There was also a higher
incidence of adjudicated adverse events classified as Cardiac Disorders reported in the
voclosporin group (8%) versus the placebo group (5%) with 20 voclosporin-treated subjects
experiencing 28 events compared with 14 placebo-treated subjects experiencing 15 events.
Adjudicated cardiac adverse events reflecting disturbances in heart rate or rhythm were
reported more frequently in voclosporin subjects compared to placebo subjects including
tachycardia, palpitations, sinus tachycardia, bradycardia, atrioventricular block second degree,
bundle branch block right, ventricular asystole, ventricular extrasystoles, Wolff-ParkinsonWhite syndrome, and two subjects experiencing QT prolongation. Cardiac-related adverse
events that only occurred in the voclosporin group included cardiac failure (n=3), cardiac
failure acute (n=1), and cardiac failure congestive (n=1).
Hypertension was the most frequent adverse event in the first 4-weeks of the study, but the
incidence decreased by approximately half in the following study periods. The incidence of
hypertension was greater in the voclosporin group compared to the placebo group in the first
six months of treatment but was similar between treatment arms in the last six months.
Subjects treated with voclosporin had significantly more first-time events of hypertension than
placebo subjects in the first four weeks.
Altogether, review of the cardiovascular safety data clearly demonstrated an increased
incidence of voclosporin-related adverse events at the proposed dose of 23.7 mg BID.
Hypertension was the most frequent adverse event associated with voclosporin and is
consistent with other CNIs. Additionally, the reports of cardiac arrhythmias are concerning,
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especially the two cases of QT prolongation in light of the fact that the majority of systemic
lupus erythematosus patients are also prescribed hydroxychloroquine, which also prolongs the
QT interval. Taken together, language should be added to the product label regarding the
potential for hypertension as well as QT prolongation including the Warnings and Precautions
Section.
Other known CNI-related adverse events of interest that occurred in the pooled lupus nephritis
population more frequently in voclosporin-treated subjects compared to placebo-treated
subjects included malignancy (2% versus 0%, respectively), hypertrichosis (2% vs. 0%,
respectively), hirsutism (2% versus 0%, respectively), gingival hypertrophy (2% versus 0%,
respectively), and tremor (3% versus 1%). These adverse events are clearly related to
voclosporin’s CNI-related activity and inclusion in the product label is recommended.
In summary, review of the voclosporin safety database demonstrated that voclosporin
treatment was associated with an increased frequency of serious adverse events, adverse
events, infections, and CNI-related adverse events including acute nephrotoxicity,
hypertension, neurotoxicity, malignancies and cutaneous manifestations, e.g., hypertrichosis,
hirsutism and gingival hypertrophy. As with other CNIs, these adverse reactions should be
included in the product label for voclosporin.
(b) (4)
In contrast to the Applicant’s originally proposed labeling
the review team concluded that the safety data has
demonstrated that voclosporin treatment is associated with well-established CNI-related
adverse events and that CNI-related chronic toxicities should also be expected. Respectively,
(b) (4)
language in the product label
should be removed as potentially misleading.

Monitoring of the eGFR and hypertension as conducted in the clinical studies appears to be a
reasonable method for dose modification of voclosporin in lieu of traditional therapeutic drug
monitoring common with other CNIs. There is no reason to expect that voclosporin prescribers
would monitor renal parameters and manage dose modifications any differently from
cyclosporine or other CNI..
What is unknown from the current data is the optimal duration of treatment needed with
voclosporin beyond 52 weeks to maintain the most favorable benefit-risk for chronic use. Given
that voclosporin is a CNI and has demonstrated adverse reactions consistent with the drug
class, chronic voclosporin administration may lead to complications including nephrotoxicity,
malignancy, neurotoxicity. Consequently, the Division recommends that product labeling
include class labeling language similar to cyclosporine and tacrolimus products. Given the
potential for chronic calcineurin inhibitor-related nephrotoxicity, relevant to this population of
patients with renal disease, and the insufficient long-term safety data beyond one year,
recommending caution of use of voclosporin beyond one year in product labeling may be
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warranted until additional efficacy and safety information is available, which could be
generated from the ongoing extension study AURORA 2.

Statistical Issues
8.3.1 Potential Impact of Missing Data on the Reliability of Efficacy Results
In AURORA-1, at the time point of the primary endpoint assessment (Week 52), 47 (13.2%)
patients had withdrawn from the study: 31 (17.4%) patients from placebo and 16 (8.9%)
patients from voclosporin arm. The applicant performed some sensitivity analyses using
different analysis methods and study populations. However, none of these sensitivity analyses
comprehensively evaluated the potential effect of missing data on the reliability of the efficacy
results. Therefore, a tipping point analysis was conducted to evaluate the potential effect of
missing data on the reliability of efficacy results. These tipping point analyses were performed
to gauge the extent to which the demonstration of a treatment effect was dependent on the
assumptions of the primary analysis. The tipping point sensitivity analyses supported the
findings of the primary efficacy analysis, i.e. missing data were deemed not to have significant
impact on the efficacy conclusions.
8.3.2 Adequacy of Evidence in Lupus Nephritis
FDA generally requires evidence of effectiveness from at least two phase 3 clinical studies to
support approval of a drug for a new indication. The current submission was supported by only
a single phase 3 study (AURORA-1) for evaluating the efficacy of voclosporin in subjects with
lupus nephritis. However, evidence from this study was persuasive (large effect sizes and pvalues <0.001). In addition, the results from the previous phase 2 study (AURA-LV) provided
further evidence of efficacy. Thus, the overall package provides substantial evidence of efficacy
for the proposed voclosporin 23.7 mg BID for the treatment of lupus nephritis.

8.3.3 Components in the primary endpoint of Study AURORA-1
The primary endpoint of AURORA 1 study is defined as satisfying four criteria such as 1) UPCR
2
2)
or no confirmed decrease from baseline in eGFR of
>20%, 3) did not receive any rescue medication for lupus nephritis, and 4) did not receive >10
.
However, we thought it would be more consistent with the ICH E9 (R1) addendum on
estimands and more interpretable if rescue medication and steroid use were described as
intercurrent events rather than as part of the endpoint definition. Therefore, we proposed a
(b) (4)
corresponding change in the primary endpoint definition

232

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)

Considerations on Benefit in the Postmarket Setting
The Applicant conducted two well-controlled studies that enrolled a broad population of
subjects with lupus nephritis, including patients with comorbidities and impaired renal function
with eGFR >45 mL/min/1.73 m2 who required high-dose corticosteroids and
immunosuppressive therapy as background therapy. A majority of these subjects had
previously received treatment with either MMF and/or cyclophosphamide. The baseline
demographics and disease characteristics are representative of subjects with active lupus
nephritis in the US. Respectively, the benefit observed in the vocolosporin clinical program is
expected to be similar to that in the postmarketing setting.

Conclusions and Recommendations
Analysis of the efficacy data demonstrated that treatment with voclosporin induces a clinically
meaningful benefit to subjects with lupus nephritis who were also treated with background
MMF and corticosteroids. The majority of the data was derived from the phase 3 study,
AURORA-1, which demonstrated a greater proportion of subjects treated with voclosporin 23.7
mg BID achieved a complete renal response at Week 52 compared to placebo-treated subjects
(40.8% vs 22.5%), with a statistically significant odds ratio of 2.6 and 95% confidence interval of
(1.6, 4.3). The results from the analyses of the subcomponents of both the renal response
endpoints, and from analyses of secondary endpoints, were supportive of those of the primary
analysis. Moreover, the tipping point sensitivity analyses supported the key efficacy results.
The results of AURORA-1 were supported by the similarly designed phase 2 study, AURA-LV,
that demonstrated the proportion of subjects who obtained a complete renal response was
32.6% in the voclosporin group as compared to 19.3% in the placebo group, with an odds ratio
of 2.0 and 95% CI of (1.1, 4.1).
Safety analysis demonstrated clinically significant adverse events associated with voclosporin
therapy. The majority of the safety signals were due to the expected CNI-related adverse
events, primarily acute nephrotoxicity and hypertension. Other CNI-related adverse events
included infections, gastrointestinal disorders, nervous system disorders (e.g., tremor), skin and
subcutaneous disorders (e.g., hirsutism, hypertrichosis, gingival hyperplasia). Although the
Applicant contends that as a result of the modification to the amino acid-1 region, voclosporin
has increased potency and an improved metabolic profile compared to cyclosporine resulting in
a more consistent pharmacokinetic/pharmacodynamic relationship translating to the
(b) (4)
administration of lower doses and
, this is speculative and
potentially misleading. Based on the submitted data, voclosporin possesses the general safety
profile as that of other CNIs and should be labeled accordingly.
Subjects treated with voclosporin experienced a significantly higher number of adverse events
that led to dose modification compared to placebo-treated subjects. Indeed, approximately half
of the voclosporin-treated subjects experienced an adverse event that necessitated dose
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modification resulting in overall lower doses of voclosporin than the intended dosing of 47.4 mg
daily to allow continued dosing. These same dose modification criteria will be included in
labeling.
Overall, there were no unexpected safety signals given the severity of illness and underlying
immunosuppressive therapy associated with lupus nephritis and the known adverse effect
profile associated with CNIs such as voclosporin. Thus, the safety profile of voclosporin
supports a favorable benefit-risk assessment in active lupus nephritis patients who are also
receiving background treatment with MMF and corticosteroids.
In summary, review of the data demonstrate a favorable benefit-risk assessment and support
approval of voclosporin for the treatment of lupus nephritis when used in conjunction with
background MMF and corticosteroids as conducted in the AURORA-1 and AURA-LV studies.

234

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)

9 Advisory Committee Meeting and Other External Consultations
An Advisory Committee Meeting was not conducted for this application.
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10 Pediatrics
Under the Pediatric Research Equity Act (PREA), all applications for new active ingredients, new
indications, new dosage forms, new dosing regimens, or new routes of administration are
required to contain a pediatric assessment to support dosing, safety, and effectiveness of the
product for the claimed indication unless this requirement is waived, deferred, or inapplicable.
A study in pediatric lupus nephritis patients would be required by the Pediatric Research Equity
Act (PREA) if this NDA in lupus nephritis patients is approved. With this NDA, the Applicant
submitted a pediatric plan consistent with the agreed initial Pediatric Study Plan. The pediatric
assessment included a request for a partial waiver for children under 5 years of age, because
studies in this age group are impossible or highly impractical. A deferral was requested for
children ages 5 to 17 years of age until the adult studies are completed and ready for
approval. The proposed pediatric plan includes the following studies:
An adaptive design, double-blind placebo-controlled, dose-escalation PK/PD, efficacy and
safety study of voclosporin in lupus nephritis in addition to standard therapy, in pediatric
A prospective, open-label, 52-week, multi-center efficacy and safety study of voclosporin in
addition to background standard of care with mycophenolate mofetil and oral steroids in
The voclosporin pediatric program was reviewed by the Pediatric Review Committee (PeRC)
meeting on October 27, 2020, and December 22, 2020. The PeRC agreed with the requested
waiver and deferrals.
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11 Labeling Recommendations
Prescription Drug Labeling
Prescribing information
The following is a high-level summary of major changes to the originally submitted Prescribing
Information (PI) based on review of the data submitted in support of this application:
1) The indication under Section 1 Indications and Usage is the following: “in combination
with a background immunosuppressive therapy regimen [see Clinical Studies (14)] for
the treatment of adult patients with active lupus nephritis (LN).” The review team
concluded that it is important to include a statement that this drug is indicated in
combination with a background immunosuppressive therapy regimen with reference to
the Clinical Studies section.
2) The following Limitations of Use under Section 1 Indications and Usage as follows:
“Safety and efficacy of LUPKYNIS have not been established in combination with
cyclophosphamide. Use of LUPKYNIS is not recommended in this situation.” Given the
adverse reaction profile of cyclophosphamide and the lack of efficacy data for
voclosporin in combination with cyclophosphamide, the review team concluded that
there is reasonable concern about the benefit-risk profile in this situation, thus
necessitating this limitation of use.
3) The following statement was added in Section 2 Dosage and Administration –
subsection 2.2 Prior to Initiating LUPKYNS Therapy: “Use of LUPKYNIS is not
2
unless the benefit
exceeds the risk; these patients may be at increased risk for acute and/or chronic
nephrotoxicity [see Warnings and Precautions (5.3)].” Regarding the baseline
mL/min/1.73 m2 subpopulation which was excluded from the clinical trials, the review
team concluded that it was important to communicate that voclosporin is not
recommended in this subpopulation and to communicate the risk in this subpopulation
but that it was also important to include the caveat “unless the benefit exceeds the risk”
because this acknowledges individualized treatment decisions made by healthcare
providers.
4) The following statement was included in Section 2 Dosage and Administration –
subsection 2.3 Dosage Recommendations: “Safety and efficacy have not been
established beyond one year [see Clinical Trials Experience (6.1) and Clinical Studies
(14)]. Consider the risks and benefits of longer durations of treatment in light of the
patient’s treatment response and risk of worsening nephrotoxicity [see Warnings and
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Precautions (5.3)]. Regarding treatment durations beyond one year, the review team
concluded that it was important to communicate that safety and efficacy have not been
established beyond one year but that it was also important to acknowledge
individualized decisions made by healthcare providers about treatment duration based
on benefit-risk considerations.
5) The following instructions were included in Section 2 Dosage and Administration –
subsection 2.3 Dosage Recommendations:
“ Assess eGFR every two weeks for the first month, and every four weeks thereafter.
If eGFR <60 mL/min/1.73 m2 and reduced from baseline by >20% and <30%, reduce
the dose by 7.9 mg twice a day. Re-assess eGFR within two weeks; if eGFR is still
reduced from baseline by >20%, reduce the dose again by 7.9 mg twice a day.
If eGFR <60 mL/min/1.73 m2 and reduced from
LUPKYNIS. Re-assess eGFR within two weeks; consider re-initiating LUPKYNIS at a
For patients that had a decrease in dose due to eGFR, consider increasing the dose
exceed the starting dose.”
The review team concluded that the above consolidated bulleted instructions were
preferable to the Applicant’s original proposal of instructions provided within a table
and text of this section.
6) The following dosage recommendations were included in Section 2 Dosage and
Administration – subsection 2.4 Dosage Recommendations in Patients with Renal and
Hepatic Impairment: “If used in patients with severe renal impairment at baseline, the
recommended starting dose is 15.8 mg twice a day.” and “In patients with mild and
moderate hepatic impairment (Child-Pugh A and Child-Pugh B), the recommended dose
is 15.8 mg twice daily. LUPKYNIS is not recommended to be used in patients with severe
hepatic impairment (Child-Pugh C).” The dosing recommendations for severe renal
impairment at baseline are based on the observed voclosporin C max and AUC increase
1.46- and 1.74-fold, respectively, compared to volunteers with normal renal function, in
a renal impairment study. The dosing recommendations for mild hepatic impairment
(Child-Pugh A) and moderate hepatic impairment (Child-Pugh B) are based on the
observed voclosporin AUC increase of approximately 1.8 and 2 fold, respectively,
compared to normal subjects, in a hepatic impairment study. (See Section 6 Clinical
Pharmacology.)
7) The following dosage recommendations were included in Section 2 Dosage and
Administration – subsection 2.4 Dosage Adjustments due to Drug Interactions: “When
co-administering LUPKYNIS with moderate CYP3A4 inhibitors (e.g., verapamil,
fluconazole, diltiazem), reduce LUPKYNIS daily dosage to 15.8 mg in the morning and 7.9
mg in the evening.” The dosing recommendations for co-administration with moderate
CYP3A4 inhibitors are based on a PBPK model for co-administration with fluconazole
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(moderate CYP3A4 inhibitor) which showed that the voclosporin exposure increased by
1.47 fold for AUC and 1.18 fold for C max with the 15.8 mg AM and 7.9 mg PM daily dose.
(See Section 6 Clinical Pharmacology.)
8) A Boxed Warning was added that is consistent with other drugs in the calcineurin
inhibitor class, and Section 5 Warnings and Precautions was revised to reflect the class
warnings and precautions.
9) Section 5 Warnings and Precautions – subsection 5.3 Nephrotoxicity included the
following language:
“LUPKYNIS, like other calcineurin-inhibitors, can cause acute and/or chronic
nephrotoxicity. Nephrotoxicity was reported in clinical trials [see Adverse Reactions
(6.1)]. Monitor eGFR regularly during treatment, and consider dose reduction or
discontinuation in patients with decreases in eGFR from baseline [see Dosage and
Administration (2.3)]; persistent decrease of eGFR should be evaluated for chronic
calcineurin-inhibitor nephrotoxicity.
In addition to communicating the risk of acute and/or chronic nephrotoxicity and the
recommended eGFR monitoring for dose reduction/discontinuation (largely aimed at
the reversible acute nephrotoxicity), the review team concluded that it was important
to provide a recommendation to healthcare providers of when to evaluate for chronic
nephrotoxicity.
10) Section 5 Warnings and Precautions – subsection 5.3 Nephrotoxicity included the
following language:
“Consider the risks and benefits of LUPKYNIS treatment in light of the patient’s
treatment response and risk of worsening nephrotoxicity, including in the following
situations:
Longer treatment duration beyond one year. Safety and efficacy of LUPKYNIS
have not been established beyond one year [see Adverse Reactions (6.1) and
Clinical Studies (14)].
Co-administration with drugs associated with nephrotoxicity. The risk for acute
and/or chronic nephrotoxicity is increased when LUPKYNIS is concomitantly
administered with drugs associated with nephrotoxicity.”
The review team concluded that given the serious risk of chronic nephrotoxicity, it is
important to state the situations where this risk may occur (including treatment
duration beyond one year, and co-administration with drugs associated with
nephrotoxicity), but that it was also important to acknowledge individualized decisions
made by healthcare providers about treatment duration and/or concomitant
medications based on benefit-risk considerations.
11) Section 6 – subsection 6.1 Clinical Trials Experience included the following language to
describe nephrotoxicity:
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“Glomerular filtration rate decreased was the most frequently reported adverse
reaction, reported in 25 patients (11.3 per 100 patient-years) treated with placebo,
70 patients (37.1 per 100 patient-years) treated with LUPKYNIS 23.7 mg, and 27
patients (48.7 per 100 patient-years) treated with voclosporin 39.5 mg twice a day.
In patients treated with LUPKYNIS 23.7 mg twice a day, decreases in glomerular
filtration rate occurred within the first 3 months of LUPKYNIS treatment in 50/70
(71%), with 39/50 (78%) resolved or improved following dose modification, and of
those 25/39 (64%) resolved or improved within 1 month [see Dosage and
Administration (2.3)]. Decreases in glomerular filtration rate resulted in permanent
discontinuation of LUPKYNIS in 10/70 (14%), and resolved in 4/10 (40%) 3 months
after treatment discontinuation.”
The review team concluded that in addition to presenting exposure adjusted incidence
rates for decreased GFR, it would be important to provide the prescriber with
information about the time course for decreased GFR and resolution/improvement; the
proportion of patients with decreased GFR before a specific timepoint (3 months) and
the proportion of patients that experienced resolution/improvement overall and before
another timepoint (1 month later) were included. In addition, the review team
concluded that it would be important to provide the prescriber with information about
treatment discontinuation due to decreased GFR; the proportion of patients that
discontinued due to decreased GFR, and the proportion of patients that experienced
resolution at a specific timepoint after discontinuation (3 months) were included.
12) Section 14 included the following language describing the primary efficacy endpoint:
“The primary efficacy endpoint was the proportion of patients achieving complete
renal response at Week 52. Complete renal response was defined as follows (both
must be met):
2

or no confirmed decrease from baseline in eGFR of
>20% or no treatment- or disease-related eGFR-associated event (defined as
blood creatinine increased, creatinine renal clearance decreased, glomerular
filtration rate decreased, serum creatinine increased, renal impairment, renal
failure, or renal failure acute) at time of assessment.”
13) In addition to the results for the primary endpoint, the review team concluded that
results for the components of the primary endpoint would be informative for
prescribers. Thus, results for the two components of the primary endpoint [UPCR of
2 or no confirmed decrease from baseline in
; and eGF
eGFR of >20% or no treatment- or disease-related eGFR-associated event (defined as
blood creatinine increased, creatinine renal clearance decreased, glomerular filtration
rate decreased, serum creatinine increased, renal impairment, renal failure, or renal
failure acute) at time of assessment] were included in Section 14.
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14) Results for the secondary endpoints of Complete Renal Response at Week 24 and Time
were included in Section 14 because each of these endpoints
was considered to be clinically meaningful. The Applicant also proposed to include
(b) (4)

that
none

it should be noted
(b) (4)
Because
are not informative for patients and prescribers,
(b) (4)
were included.
(b) (4)

(b) (4)

15) The Applicant proposed to include
(b) (4)
in Section 14.
was not included because it did not provide additional results
that would be informative for patients and prescribers.
Other Prescription Drug Labeling
The Applicant submitted patient labeling (Medication Guide). The Division of Medical Policy
Programs (DMPP) and Office of Prescription Drug Promotion (OPDP) reviewed and provided
comments regarding the patient labeling. The final labeling will reflect their recommendations.
Refer to the OPDP/DMPP Patient Labeling Review in DARRTs (January 5, 2021).
All labeling changes were agreed upon with the Applicant.
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12 Risk Evaluation and Mitigation Strategies (REMS)
No risk evaluation and mitigation strategies are needed at this time. The risks of voclosporin
may be adequately managed in the postmarketing setting through labeling.
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13 Postmarketing Requirements and Commitment
Postmarketing Requirements:
PREA PMR’s
As discussed in Section 10 Pediatrics, a trial to evaluate safety, tolerability, pharmacokinetics,
and efficacy in pediatric patien
suitable dose in this population; and a trial is to evaluate safety and efficacy in pediatric
Thus, the following
PREA PMR’s were conveyed to the applicant:
PMR-1:

An adaptive design, double-blind, placebo-controlled, dose-escalation,
PK/PD, efficacy and safety study of voclosporin in lupus nephritis in
with active lupus nephritis.
Final Protocol Submission Date:
Study Completion Date:
Final Report Submission Date:

PMR-2:

March 2021
December 2024
June 2025

A prospective, open-label, 52-week, multi-center efficacy and safety study
of voclosporin in addition to background standard of care with
mycophenolate mofetil and oral steroids in pediatric patients from 5 to
Final Protocol Submission Date:
Study Completion Date:
Final Report Submission Date:

September 2026
December 2030
June 2031

FDAAA PMR’s
There are no data on the presence of voclosporin in human milk, the effects on the breastfed
infant, or the effects on milk production. The lack of clinical data during lactation precludes a
clear determination of the risk of voclosporin to an infant during lactation. Therefore, the
lactation study below is needed to provide data on the presence of voclosporin in human milk.
Given the anticipated use of the drug product in females of reproductive potential, the lack of
data on safe use in lactating women, and animal data demonstrating that the drug is present in
animal milk, this study needs to be done in order to properly inform labeling. It should also be
noted that the safety and efficacy of voclosporin in pediatric patients have not been
established. Thus, the following FDAAA PMR was conveyed to the applicant:
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PMR-3:

Perform a milk only lactation study in lactating women who have received
LUPKYNIS (voclosporin) to assess concentrations of voclosporin and its
active metabolites in breast milk using a validated assay.
Draft Protocol Submission Date:
Final Protocol Submission Date:
Interim Report Date:
Study Completion Date:
Final Report Submission Date:

December 2021
June 2022
June 2023 and then every year for 3
years
June 2025
March 2026

Results from the ongoing placebo-controlled AURORA-2 study will provide additional safety
data beyond one year, including but not limited to nephrotoxicity. Thus, the following FDAAA
PMR was conveyed to the applicant:
PMR-4:

Submit the final study report for the ongoing clinical trial AUR-VCS-201602 (AURORA-2), a 24-month, multi-center, randomized, placebocontrolled, double-blind study in adult patients with active lupus nephritis
to evaluate long-term efficacy and safety with voclosporin 23.7 mg twice
daily. Safety evaluations include but are not limited to nephrotoxicity.
Trial Completion Date:
Final Report Submission Date:

December 2021
March 2022

Postmarketing Commitments:
The following was discussed in Section 6 Clinical Pharmacology: (i) voclosporin is determined to
be an inhibitor of OATP1B1 based on in vitro data; (ii) the PBPK analysis submitted was
inadequate to estimate the effects of voclosporin on OATP1B1/3 substrates and could not rule
out that voclosporin might be an OATP1B1 inhibitor in vivo; and (iii) since OATP1B1 substrates
(e.g., statins) are commonly co-administered in the lupus nephritis population, coadministering
voclosporin with substrates of OATP1B1 transporter may increase the exposure of these
substrates which may lead to an increased risk of adverse reactions of these substrates. Thus,
based on review of the data in this submission, the following postmarketing commitment (PMC)
was conveyed to the applicant:
PMC-1:

A drug-drug interaction study to evaluate the effect of repeat doses of
voclosporin 23.7 mg BID on the pharmacokinetics of a transporter
substrate of OATP1B1, assess the magnitude of exposure change, and
inform appropriate dosing strategies for coadministration of voclosporin
with OATP1B1 substrates.
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Draft Protocol Submission Date:
Final Protocol Submission Date:
Study Completion Date:
Final Report Submission Date:
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14 Division Deputy Director (OB) Comments
I am concerned about the adequacy of the submitted data to support a favorable benefit-risk
profile of voclosporin for treatment of lupus nephritis. I recognize the extensive clinical
experience with calcineurin inhibitors (CNIs), including in lupus nephritis, and that this
experience may play a role in regulatory decision-making. However, there is limited randomized
clinical trial experience with CNIs in lupus nephritis, and voclosporin is a new molecular entity.
Therefore, it is important to carefully consider the results of the randomized, placebocontrolled trials carried out to evaluate voclosporin.
The efficacy of voclosporin is described in detail above. I agree with the key conclusion of the
review team: there is convincing statistical evidence that voclosporin increases the probability
of achieving the complete renal response primary endpoint, an effect that was primarily driven
by a decrease in proteinuria. Reduction in proteinuria is a surrogate endpoint, i.e., it is a
replacement endpoint for a direct measure of how the patient functions, feels, or survives,
which in this case is the long-term risk of end-stage renal disease (ESRD) or death. The clinical
review team describes above the rationale and supporting literature for proteinuria as a
surrogate endpoint. I have not evaluated the supporting data in detail and defer to the clinical
team on the reliability of the surrogate endpoint. However, even if one believes that an effect
on proteinuria will reliably predict a reduction in long-term risk of ESRD or death, it is important
to consider what magnitude of an effect on the long-term clinical endpoint might be expected
and whether it is likely to outweigh the potential risks. Unfortunately, the quantitative
relationship between the surrogate and clinical endpoints here is not particularly wellunderstood. In other words, it is not clear what magnitude of effect on the risk of ESRD or
death might be expected given the magnitude of effect of voclosporin on proteinuria estimated
from the clinical trials.
The safety of voclosporin is also described in detail above. I summarize some of the key findings
here. It is clear that voclosporin increases the risk of decreases in GFR. For example, across the
phase 2 and 3 trials, 70 (26%; 37 per 100 patient-years (PY)) voclosporin patients reported at
least one AE of decreased GFR (these 70 patients reported a total of 121 events), compared to
25 (9%; 11 per 100 PY) placebo patients (these 25 patients reported a total of 32 events). In
addition, serious renal AEs were reported in 13 (4.9%; 5.6 per 100 PY) voclosporin patients, as
compared to 9 (3.4%; 3.7 per 100 PY) placebo patients. There were also greater proportions of
patients on voclosporin with GFR declines greater than specific thresholds (e.g., >30%) over
time (see results above). There is some discussion in the review that these changes may
represent acute and reversible hemodynamic effects, and that GFR monitoring and dose
adjustments and discontinuation may limit any chronic nephrotoxicity. However, the data
suggest some uncertainty about reversibility. For example, responses to information requests
(IRs) submitted by the applicant on January 15 and 20, 2021, indicated that of the 121 AEs of
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decreased GFR on voclosporin, 22 (20%) are not yet known to be resolved or improved
(according to the investigator assessment 43). Furthermore, it is notable that in comparison to
those 22 AEs of decreased GFR not yet known to be resolved or improved on voclosporin
(among 267 patients), there were only 9 such AEs on placebo (among 266 patients). There are
also other potential serious risks of voclosporin, including potential effects on cardiovascular
outcomes, serious infections, and malignancies, although there is considerable uncertainty in
these given small numbers of events and possible mitigation steps (e.g., blood pressure
monitoring).
Because of the considerable uncertainty in both the magnitude of benefit and the magnitude of
the potential serious risks, a reliable benefit-risk evaluation is challenging. Putting aside the
potential non-renal serious adverse effects, it is not clear to me what data or assumptions are
being relied on to conclude that, given its estimated effect on proteinuria, the expected
beneficial effect of voclosporin on long-term risk of end-stage renal disease or death is likely to
outweigh the potential long-term nephrotoxicity of voclosporin. Notably, renal function data
over the longest available follow-up of nearly three years (submitted by the applicant in a
January 15 IR response) do not support long-term renal benefit (see Figure below). There are
substantial limitations with this analysis—the long-term study AURORA 2 included only a subset
of patients from AURORA 1 and thus may be subject to selection bias, and the follow-up may
not be long enough or in enough patients to reliably capture clinical benefit. Nevertheless,
these results largely show average renal function on voclosporin that is worse, not better, than
placebo over time. These are small differences that may not be relevant, but the lack of any
trends toward meaningful benefit in the best available long-term data does not help resolve
uncertainties about whether the on-target benefit on preserving renal function (expected
through proteinuria reduction) is likely to outweigh the potential off-target nephrotoxicity.

43

I think it would be useful to examine actual laboratory results to determine reversibility (based on clinicaldetermined criteria for improvement/resolution), rather than rely entirely on the investigator assessment, but this
is the information that was submitted by the applicant.
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Source: Applicant IR response on January 15, 2021
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15 Division Director (Clinical) Comments
Introduction
Aurinia submitted NDA 213716 on May 22, 2020, to support approval for voclosporin softgel
capsule for oral administration for the treatment of patients with lupus nephritis (LN).
Voclosporin is a calcineurin-inhibitor (CNI) immunosuppressant structurally very similar to
cyclosporine A (an 11-amino acid circular peptide, differing by only a carbon added to amino
acid 1). The proposed dosing regimen is 23.7 mg twice daily (BID) without food. Dose
adjustments were proposed for patients with renal and hepatic impairment, for changes in
renal function and blood pressure, and for drug-drug interactions. Calcineurin inhibitors such as
cyclosporin and tacrolimus have been used off-label for lupus nephritis for decades and are
known to be immunosuppressive by inhibiting IL-2 signaling, ultimately interfering with T-cell
activation, proliferation, and differentiation. In addition, they have been shown experimentally
to exert direct protective effects on podocytes, by inducing dephosphorylation of
synaptopodin, which regulates actin filaments of the podocyte cytoskeleton. 44 Voclosporin also
works in this way.
Analysis of the Condition and Current Treatment Options
Lupus nephritis is a rare disease with high unmet medical need. Patients with proliferative
forms of lupus nephritis (i.e., Class III, IV, or III/IV + V) are at the highest risk for progression to
end-stage renal disease (ESRD) and death. Respectively, achieving a complete renal response to
treatment is critical to preserving long-term kidney function. Patients entering remission have
an excellent prognosis, with a 10-year renal survival rate of >90%, compared with
approximately <35% in patients not attaining remission. 45,46,47 However, the management of
lupus nephritis is challenging and has, until the December 2020 approval of belimumab, entirely
consisted of off-label (but practice-guideline recommended) use of various
immunosuppressants and immunomodulators, including hydroxychloroquine, glucocorticoids,
mycophenolate mofetil (MMF), azathioprine, cyclophosphamide, calcineurin inhibitors (CNI),
and rituximab. 48,49 Each of these treatments has their own unique toxicities and concerns, but
the historically poor prognosis for lupus nephritis has been ameliorated with iterative
improvements in combination therapy, with a resulting substantial decrease in mortality. Prior
to the introduction of glucocorticoids, the 5-year survival rate of patients with lupus nephritis
was ~44%, but with iterative improvements in combination treatment regimens, 5-year survival

44

Ponticelli C and Podesta MA, J Nephrology, 2020.
Fraenkel L et al. J Rheumatol 194;21:2053-2057
46
Korbet SM et al. Am J Kidney Dis 2000;35:904-914
47
Chen Y E et al. CJASN 2008;3:46-53
48
Hahn BH et al. Arthritis Care Res 2012;63(6):797-808.
49
Fanouriakis A, et al. Ann Rheum Dis 2020; 79:713-723.
45
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is now >90%. 50 In particular, he toxicities associated with CNI, including nephrotoxicity, are
well-known and a risk for all CNIs. Management in the setting of patients with renal disease is
well-known in light of not only their off-label use in lupus nephritis, but their approved use in
renal transplant patients. Nonetheless, a number of meta-analyses support a favorable
efficacy/toxicity ratio for CNI (alone or as part of a multi-target regimen) in lupus nephritis. 51 In
addition, although belimumab became the first and only therapy approved in the US for the
treatment of lupus nephritis in December 2020, there remains a significant unmet medical need
for approved alternative treatments for lupus nephritis.
CMC
The proposed commercial voclosporin drug product is formulated as 7.9 mg softgel capsule for
oral administration. The to-be-marketed formulation was used in the voclosporin phase 2 and
phase 3 clinical program in lupus nephritis. The Chemistry, Manufacturing, and Controls review
team, recommends approval, and I concur.
Pharmacology/Toxicology
The nonclinical program supporting this NDA is comprehensive and adequate. There are no
outstanding nonclinical issues. The pharmacology/toxicology review team recommends
approval of the application from the nonclinical perspective and I concur.
The pharmacology/toxicology review team also noted that the toxicological profile of
voclosporin (and mix-ISA247) was similar to that of cyclosporine A, a product already used in
the clinical management of patients with lupus nephritis. This is pertinent to the benefit-risk
evaluation and considerations on CNI class toxicities.
Clinical Pharmacology
The Office of Clinical Pharmacology, Division of Inflammation and Immune Pharmacology
(OCP/DIIP) and Division of Pharmacometrics (DPM) concluded that results from the phase 2 and
phase 3 lupus nephritis program and exposure-response analysis for efficacy and safety support
the proposed 23.7 mg BID dosing regimen.
OCP/DIIP and DPM review teams recommend approval of this NDA from a clinical
pharmacology perspective and I concur.
The clinical pharmacology also proposed a dedicated clinical drug interaction study to be
conducted as a post-marketing commitment (PMC) to evaluate the effect of voclosporin as a
perpetrator when co-administered with substrates of OATP1B1. I concur with their
recommendation.
Efficacy
50
51

Gasparotto M et al. Rheumatology 2020; 59:v39-v51. Doi:10.1093/rheumatology/keaa381
Fanouriakis A, et al. Ann Rheum Dis 2020; 79:713-723.
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The data supporting the NDA were derived from two randomized, double-blind, placebocontrolled trials, AURORA-1 and AURA-LV. The protocols required all subjects to receive
background treatment with mycophenolate mofetil (MMF) and systemic corticosteroids using
prespecified tapering schedule; the protocol also had provisions for adjusting voclosporin
dosing based on eGFR and blood pressure for the management of anticipated CNI toxicities.
The primary efficacy endpoint, complete renal response (CRR), was assessed at Week 52 in
AURORA-1 and at Week 24 in AURA-LV study. The changes in lupus nephritis disease activity,
captured by the primary endpoint of complete renal response, has been shown to correlate
with improvements in clinically meaningful long-term outcomes, e.g., lower risk of progression
to end-stage renal disease and death, which are clearly important outcomes.
AURORA-1 achieved statistical significance for the primary endpoint with a treatment effect
size of 18.3% for subjects treated with voclosporin 23.7 mg BID, the proposed to-be-marketed
dose. A similar treatment effect (25.5%) was observed at Week 48 in the AURA-LV study in
subjects treated with voclosporin 23.7 mg BID. These results capture the efficacy both in
patients who were taking the recommended voclosporin 23.7 mg BID dose, as well as in
patients who required dose modification for the management of voclosporin toxicities. Based
on these results, the review team concluded that the Applicant has submitted substantial
evidence of voclosporin’s effectiveness in patients with active lupus nephritis in combination
with concomitant MMF and corticosteroids. I concur with this assessment. There is sufficient
support for the use of complete renal response as an efficacy endpoint in clinical development
programs of lupus nephritis therapies, and the treatment effect of voclosporin for this endpoint
is clear.
In addition, while studies AURA-LV and AURORA-1 were not designed to formally assess activity
of general systemic lupus erythematosus, SELENA-SLEDAI were pre-specified assessments in the
protocols. The mean SELENA-SLEDAI scores decreased (i.e., improved) numerically over the
course of the studies and the changes from baseline were greater in the voclosporin groups
compared to placebo, including in a dose-dependent manner in AURA-LV study (data not
shown), suggesting the effect of voclosporin on the underlying systemic inflammation, and
supporting the efficacy of voclosporin on lupus nephritis inflammation in addition to reducing
proteinuria by stabilizing the podocyte cytoskeleton.
The clinical and statistical review teams are in agreement that voclosporin convincingly
demonstrated an increase in the proportion of patients meeting target normalization of
proteinuria (
) in the phase 2 and phase 3 studies. However, Dr. Levin, the
Deputy Division Director, Office of Biostatistics, has expressed concerns about whether the
magnitude of the long term clinical benefit is likely to outweigh the magnitude of long term
clinical harm due to nephrotoxicity. I note that proteinuria, along with serum creatinine, serve
as practical markers of the end-results of renal inflammation and have been successfully used
and continue to be used to assess relative response of underlying renal inflammation to
treatment in the clinic. Post hoc analyses from the MAINTAIN and Euro-Lupus Nephritis Trials
are consistent in supporting a conclusion that proteinuria at 12 months represents the best
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single predictor for long-term renal outcome (i.e. ESRD or doubling of serum creatinine after 10
years), and thus therapy of lupus nephritis has a goal of normalizing proteinuria (to <0.5 – 0.7
g/24 hrs) by 12 months. 52 Similar findings were observed in a large multiethnic, multinational
inception cohort of Latin American patients. 53 The clinical team agrees with the academic
community and the viewpoint that clinical benefit would be expected for longer-term clinical
outcomes, as discussed in the review, and that substantial evidence of the efficacy of
voclosporin has therefore been adequately demonstrated. Of note, even for induction
treatment use of calcineurin inhibitors in the context of lupus nephritis, normalization of
proteinuria early on (up to Month 18) predicted a favorable 10-year outcome, long after
discontinuation of the CNI. 54. Such a benefit is not likely to be assessed in a feasible clinical
program in lupus nephritis, however additional data from the ongoing AURORA-2 study, which
will be required as a PMR, could provide additional information for voclosporin in that respect.
Safety
The voclosporin safety database in adult lupus nephritis consists of approximately one-year of
controlled comparison data. A total of 355 patients with active lupus nephritis were treated
with voclosporin in the phase 2 and 3 clinical studies with 224 exposed for at least 48 weeks.
The phase 2 study, AURA-LV also studied a higher dose, 39.5 mg twice a day which informed
the assessment of dose-dependent toxicities, also described in product labeling. To
contextualize the interpretation of safety in lupus nephritis, the Applicant provided safety data
from the completed psoriasis and non-infectious uveitis programs that tested doses and
exposures similar and higher than the recommended dose in lupus nephritis. The Applicant
studied voclosporin as a fixed dose with eGFR monitoring, without therapeutic drug monitoring,
which is typically performed when administering other CNIs. Overall, the database is adequate
to inform the benefit-risk assessment of voclosporin, a CNI structurally similar to cyclosporine.
Here I discuss select safety issues pertinent to the benefit-risk assessment of this submission.
Deaths
In the phase 2 study, AURA-LV, 13 deaths were reported; one in the placebo group, ten in the
voclosporin low-dose group (23.7 mg BID), and two in the voclosporin high-dose group (39.5 mg
BID). While this numerical imbalance was concerning, the additional information and analyses
from the voclosporin clinical program in lupus nephritis and other studied indications did not
support a true mortality safety signal with voclosporin. In the AURA-LV study, subjects in the
low-dose voclosporin group had a higher mean UPCR, lower mean eGFR, and a greater number
of subjects with low eGFR compared to the other treatment arms suggesting more severe renal
disease. The data from the larger phase 3 study, AURORA-1, showed a numerical imbalance in
the favor of voclosporin (5 deaths on placebo vs 1 on voclosporin). The safety data from the
non-lupus nephritis indications with similar or higher doses and duration of exposure, did not
identify a mortality signal either.

52

Fanouriakis A et al. Ann Rheum Dis 2020; 79:713-723.
Reategui-Sokolova C et al. RMD Open 2020; 6:e001299.
54
Mok CC et al. Ann Rheum Dis 2020; 79:1070-1076
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Infections
Voclosporin is an immunosuppressant. Respectively, a dose-related increase was seen in overall
and serious infections. The most frequent serious infections were pneumonia, gastroenteritis,
and urinary tract infections. Similar to other CNIs, serious infections will be included in the
Boxed Warning of labeling.
Malignancy
Lymphoma and malignancy are a Boxed Warning in the CNI class and will be included in the
voclosporin labeling. In the lupus nephritis program, malignancies were reported in four
patients (1.7 per 100 patient-years) treated with voclosporin 23.7 mg, but none in placebo or
the 39.5 mg twice a day dose. The cases were single occurrences of stage 0 cervical carcinoma,
breast tumor excision, which are common in the female population comprising the majority of
lupus nephritis patients, and skin neoplasm. One case of pyoderma gangrenosum was reported
as malignancy. There were no lymphoma cases reported in the voclosporin clinical program in
lupus nephritis.
Nephrotoxicity
Nephrotoxicity has been a well-established and characterized safety signal with all CNIs and was
observed in the voclosporin lupus nephritis clinical program.
Glomerular filtration rate decreased was the most frequently reported adverse reaction,
reported in 25 patients (11.3 per 100 patient-years) treated with placebo, 70 patients (37.1 per
100 patient-years) treated with voclosporin 23.7 mg, and 27 patients (48.7 per 100 patientyears) treated with voclosporin 39.5 mg twice a day. In patients treated with voclosporin 23.7
mg twice a day, decreases in glomerular filtration rate occurred within the first 3 months of
voclosporin treatment in 50/70 (71%), with 39/50 (78%) resolved or improved following dose
modification, and of those 25/39 (64%) resolved or improved within 1 month. Decreases in
glomerular filtration rate resulted in permanent discontinuation of voclosporin in 10/70 (14%),
and resolved in 4/10 (40%) 3 months after treatment discontinuation.
Adverse events related to renal adverse events were adjudicated and occurred in a dosedependant fashion with voclosporin. Renal adverse reactions (defined as renal impairment,
acute kidney injury, blood creatinine increased, azotemia, renal failure, oliguria, and
proteinuria) were reported in 22 patients (9.5 per 100 patient-years) treated with placebo, 26
patients (11.3 per 100 patient-years) treated with voclosporin 23.7 mg, and 11 patients (16.5
per 100 patient-years) treated with voclosporin 39.5 mg twice a day. Serious renal adverse
reactions were reported in 9 patients (3.7 per 100 patient-years) treated with placebo, 13
patients (5.6 per 100 patient-years) treated with voclosporin 23.7 mg, and 0 patients (0 per 100
patient-years) treated with voclosporin 39.5 mg twice a day. The most frequent serious renal
adverse reactions were acute kidney injury and renal impairment. The cases of patients
requiring dialysis (4 on placebo and 5 on voclosporin) or a for-cause kidney biopsy (one on
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placebo and three on voclosporin) were consistent with progression of the underlying lupus
nephritis and were not suggestive of chronic CNI nephrotoxicity.
These dose-related events are anticipated, as voclosporin, a CNI, is expected to have
nephrotoxicity, manifested either as acute kidney injury, which is largely reversible after
reducing the dose, or as chronic progressive renal disease, which is usually irreversible and
occurs with chronic use. The product labeling includes a Warning for nephrotoxicity with
guidance to prescribers to monitor eGFR regularly during treatment and to consider dose
reduction or discontinuation in patients with decreases in eGFR from baseline. Further,
persistent decrease of eGFR should be evaluated for chronic calcineurin inhibitor
nephrotoxicity. The Warning further advises the prescriber to consider the risks and benefits of
voclosporin treatment in light of the patient’s treatment response and risk of worsening
nephrotoxicity.
There is limited safety or efficacy information on the use of voclosporin in subjects with an
2 since these subjects were excluded from enrollment. Respectively,
the product labeling includes specific guidance to prescribers to establish an accurate baseline
estimated glomerular filtration rate (eGFR) and to recommend against the use voclosporin in
2 unless the benefit exceeds the risk; these
patients may be at increased risk for acute and/or chronic nephrotoxicity.
Hypertension and CV Events
A greater number of subjects treated with voclosporin compared to placebo reported an
adverse event of hypertension (19% versus 9%, respectively), another CNI-related
pharmacodynamic effect. However, serious hypertension was rare and was reported in 1
patient (0.4 per 100 patient-years) treated with placebo, 5 patients (2.1 per 100 patient-years)
treated with voclosporin 23.7 mg, and 2 patients (2.8 per 100 patient-years) treated with
voclosporin 39.5 mg twice a day. The product labeling includes an appropriate Warning for
hypertension and instructions for discontinuation for BP >165/105 mmHg or with hypertensive
emergency.
Adverse events related to cardiovascular safety were adjudicated and occurred in greater
proportion of voclosporin-treated subjects (28%) compared to placebo-treated subjects (20%),
with hypertension being the most common, reported in voclosporin subjects (19%) compared
to placebo subjects (9%). Adjudicated serious adverse events of hypertension were infrequent
in the voclosporin and placebo groups (5/267 [2%] versus 1/266 [<1%]), and was only
considered treatment-related by the adjudication committee in one subject from each group.
Treatment-related serious adjudicated cardiovascular adverse events were similar between the
two groups, 1% for each treatment arm.
There were two cases of QT prolongation in patients receiving voclosporin. While there were no
serious adverse events of QT prolongation or torsade de pointes reported in the clinical studies
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with voclosporin, appropriate warning about the potential for voclosporin to prolong the QTc
interval is warranted in the product labeling.
In summary, the clinical review team concluded that while voclosporin treatment was
associated with an increased frequency of serious adverse events, adverse events, infections,
and CNI-related adverse events including acute nephrotoxicity, hypertension, neurotoxicity,
and malignancies, the overall safety profile supports a favorable benefit-risk profile of
voclosporin in patients with active lupus nephritis, as an add on to background therapy with
MMF and systemic corticosteroids. The review team recommended that the above safety
findings warrant to be described in the product labeling, consistent with the labeling of other
CNI. Further, the team noted the limitations of the long-term comparative safety database in
lupus nephritis to quantify the risks of chronic voclosporin treatment in lupus nephritis.
However, the team also acknowledged that voclosporin is a member of the CNI class, the safety
profile of which has been extensively characterized and could be supportive of the safety
expected with long-term of voclosporin. To support the favorable benefit-risk profile in patients
with active lupus nephritis, appropriate labeling is warranted. I agree with these assessments
and recommendations.
I note the concerns expressed by Dr. Levin, regarding the uncertainty around the nephrotoxicity
and the reversibility of the eGFR decreases seen in the voclosporin clinical program.
Acknowledging that there remains uncertainty regarding the quantification of this risk,
nephrotoxicity is a well-recognized risk with CNIs and is adequately addressed via the Warnings
in the prescribing information.
The team also noted that the Applicant is conducting a double-blinded study extension of
AURORA-1, AURORA-2 study for patients who volunteer to roll-over. However, data from this
study are currently limited. When available, this information could potentially better inform the
long-term use of voclosporin as well as provide additional information to address some of the
residual uncertainties regarding the risk of nephrotoxicity raised by Dr. Levin.
Benefit-risk Assessment
The voclosporin clinical program in active lupus nephritis demonstrated substantial evidence of
effectiveness on the primary endpoint of complete renal response, shown to result in
improvements in clinically meaningful long-term outcomes, i.e. lower risk of progression to
end-stage renal disease and death.
The use of voclosporin 23.7 mg twice a day resulted in greater frequency of adverse events,
serious adverse events, infections, including the anticipated calcineurin inhibitor-related
adverse events of nephrotoxicity, hypertension, and tremor, consistent with the expected
toxicities of the CNI class. The major safety concern with voclosporin in this population with
underlying renal disease pertain to the potential CNI nephrotoxicity. Acute CNI nephrotoxicity
commonly presents as an acute but is typically reversible functional renal impairment. Chronic
CNI nephrotoxicity manifests as a chronic progressive deterioration in kidney function. Thus,
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close monitoring of renal function and appropriate dose modification or permanent
discontinuation will be recommended for nephrotoxicity and hypertension. Cautious use of
voclosporin beyond one year may be warranted in selected patients to mitigate the concerns
with chronic CNI-mediated renal toxicity. In addition, prescribers need to consider the risks and
benefits of long-term treatment in light of the patient’s treatment response and risk of
worsening renal toxicity. The management of lupus nephritis is complex and is generally
performed by rheumatology and nephrology health care providers who are best positioned to
make this assessment for individual patients.
As anticipated, more patients required pre-specified dose modification on voclosporin than on
placebo, due to the CNI-related decrease in eGFR and increase in blood pressure. This approach
utilized routine clinical measures, as opposed to traditional CNI therapeutic drug monitoring, to
manage potential CNI-related toxicities, which allowed continued treatment for most patients,
albeit at lower dose. Monitoring of the eGFR and hypertension to guide the need for dose
adjustments, as conducted in the clinical studies, appears to be a reasonable method for dose
modification of voclosporin in lieu of traditional therapeutic drug monitoring common with
other CNIs. This could be a potential benefit of voclosporin use in clinical practice.
In summary, the overall safety profile of voclosporin is consistent with that of the CNI class and
the submitted data support the efficacy and safety of voclosporin at the recommended dose
and dose adjustments, in combination with MMF and systemic corticosteroids, for the
treatment of active lupus nephritis. Prescription labeling, patient labeling (Medication Guide)
and routine pharmacovigilance, as agreed upon with the Applicant, are considered adequate to
manage the risks of voclosporin in this patient population.
In my opinion, the overall benefit-risk profile is adequately favorable to support the approval of
voclosporin softgel capsule, in combination with a background immunosuppressive therapy
regimen, for the treatment of adult patients with active lupus nephritis, with appropriate
labeling. I do not recommend a Risk Evaluation and Mitigation Strategy (REMS). Risks with the
proposed dose of voclosporin may be adequately addressed via labeling and a Medication
Guide.
If approved, voclosporin, in combination with a background immunosuppressive therapy
regimen, will provide another much-needed treatment option for adult patients with active
lupus nephritis.
Recommendations
Approval of voclosporin in combination with a background immunosuppressive therapy
regimen, for the treatment of adult patients with active lupus nephritis, with labeling to
describe in clear fashion the efficacy and safety from the voclosporin clinical program in
patients with active lupus nephritis.
PMRs/PMCs
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PMC
A dedicated clinical drug interaction study is requested to be conducted under post-marketing
commitment (PMC) to evaluate the effect of voclosporin as a perpetrator when coadministered with substrates of OATP1B1.
PREA PMRs
The approval of voclosporin will trigger PREA. Under PREA, a trial to evaluate safety,
7 years with
active lupus nephritis, and identify a suitable dose in this population; and a trial is to evaluate
required. Pediatric assessment will be waived for patients <5 years of age.
FDAAA PMRs
Voclosporin is likely to be used by breastfeeding women and a lactation study will be
required to provide data on the presence of voclosporin in human milk.
AURORA-2 study:
Submit the final study report for the ongoing clinical trial AUR-VCS-2016-02 (AURORA2), a 24-month, multi-center, randomized, placebo-controlled, double-blind study in
adult patients with active lupus nephritis to evaluate long-term efficacy and safety with
voclosporin 23.7 mg twice daily. Safety evaluations include but are not limited to
nephrotoxicity.
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16 Office Director Comments
I concur with the recommendation of the Division of Rheumatology and Transplant Medicine to
approve NDA 213716, voclosporin, for the treatment of adult patients with active lupus
nephritis in combination with a background immunosuppressive therapy regimen. Voclosporin
is a novel calcineurin inhibitor (CNI), an analogue of cyclosporine A, and a new molecular entity.
More than half of patients with systemic lupus erythematosus will develop lupus nephritis
within the first three years of diagnosis, a major risk factor for renal failure and death.
Currently, only belimumab is approved in the U.S. for the treatment of adults with active lupus
nephritis; there remains a significant unmet need for treatments of this serious condition.
The effectiveness of voclosporin at one year was demonstrated in a single placebo-controlled
phase 3 study and supported by results from a similarly designed dose-ranging phase 2 study.
In patients receiving a background immunosuppressive therapy regimen, the addition of
voclosporin resulted in a statistically significant higher complete renal response rate relative to
the addition of a placebo. In these studies, complete renal response was measured by
improvement in urinary protein/creatinine ratio and estimated glomerular filtration rate
(eGFR). These results were supported by favorable findings in several secondary endpoints
measuring renal function.
The safety profile of voclosporin is consistent with that of other CNIs, and includes
monitorable acute nephrotoxicity and hypertension. Careful eGFR monitoring is
recommended to detect acute changes prompting dose modifications, as needed, to allow for
continued treatment, albeit, at a lower dose. Serious infections accounted for the majority of
adverse events in both voclosporin- and placebo-treated arms, which was not unexpected
given the degree of immunosuppression in the study participants. The risks of treatment with
voclosporin on a background of immunosuppressive therapy will be adequately conveyed in
the product label and Medication Guide; a Risk Evaluation and Mitigation Strategy will not be
required. Results from an ongoing placebo-controlled AURORA-2 study will provide safety
and efficacy data beyond one year.
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17 Appendices
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[Insert text here]

Financial Disclosure
[Insert text here]
Covered Clinical Study (Name and/or Number): AURORA-1; AURA-LV; AURION
Was a list of clinical investigators provided:

Yes

No
(Request list from
Applicant)

Total number of investigators identified: 870
Number of investigators who are Sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
0
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study:
Significant payments of other sorts:
Proprietary interest in the product tested held by investigator:
Significant equity interest held by investigator in S
Sponsor of covered study:
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
Applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Yes
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Nonclinical Pharmacology/Toxicology
[Insert carci data as needed. Limit to 2 pages]

OCP Appendices (Technical documents supporting OCP
recommendations)
Pharmacometrics Review
Population PK analysis
Review Summary

In general, the applicant’s population PK analysis is considered acceptable to support the claims
in the current submission as outlined in Table 70. The applicant’s analyses were verified by the
reviewer, with no significant discordance identified.
Table 70. Specific Comments on Applicant’s Final Population PK model
Reviewer’s Comments

Utility of the final model
Support
applicant’s
proposed
labeling
statements

(b) (4)

apparent
volume of distribution (Vss/F) (b)
(4) 2,154
L.

The applicant’s final model is
acceptable to provide PK parameters
in the labeling.

The mean apparent clearance at
steady-state (CLss/F) (b) (4) voclosporin
(b) (4)
is 63.6 L/h.
(b) (4)

66 years),

age (
(b) (4)
race

(b) (4)

18 to
(b) (4)

The statement is acceptable.
Covariate analysis from the applicant
demonstrates that no evident
difference exists based on weight,
age, and gender. Asian patients were
found to have a 26% higher oral
bioavailability, however, the higher
exposure in Asian is not considered
to be clinically meaningful.

Introduction
The primary objectives of applicant’s analysis were to:
Characterize the structural pharmacokinetic (PK) model and quantify the population
variability in the PK parameters of voclosporin.
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Evaluate the effects of intrinsic factors on voclosporin exposure.
Model development
Data
The analyses were based on PK data following 23.7 mg and 39.5 mg BID dosing from the AURALV (AUR-VCS-2012-01) and AURORA 1 (AUR-VCS-2016-01) clinical studies. An average of 7 or 4
sparse samples were collected in subjects from AURA-LV and AURORA 1, respectively (Table
71). An overview of the baseline demographics and other covariates of interest is provided in
Table 72.
Table 71: Summary of the studies that were used for population PK analysis
Study

Population Number of patients
who received
voclosporin

PK Sampling

AURA-LV

LN

177 patients:
89 received bid 23.7
mg and 88 received
bid 39.5 mg

AURORA
1

LN

178 patients received Sparse PK sampling collected at Week 24
bid 23.7 mg
(predose and 2 hrs post dose) and Week 48
(predose and 2 hrs post dose).

Sparse PK sampling collected during Day 1
(predose and 2 hrs post dose), Week 4
[predose, 1, 2, 4 hrs post dose (early patients)
or 1 sample during 5-12 hrs post dose (late
patients)] and Week 24 (as per the Week 4
sampling but early patients will be crossed
over to a late sampling and vice versa).

Source: Study protocol and clinical study report of AURA-LV and AURORA 1.

Table 72. Summary of Selected Baseline Covariates.
Covariate
sex (%)
race (%)

ethnicity (%)

Parameter

AURA-LV AURORA 1

(# subjects)

(n=170)

(n=142)

(n=312)

11.2
88.8
35.3
5.3
24.7
31.2
3.5
12.4

11.3
88.7
40.1
14.1
0
27.5
18.3
34.5

11.2
88.8
37.5
9.3
13.5
29.5
10.3
22.4

Male
Female
Caucasian
Black (including mixed
Asian: Indian
Asian: other
Other
Hispanic or latino
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LN category (%)

body weight (kg)

age (y)

serum albumin (g/dL)

total bilirubin (mg/dL)

eGFR CKD-EPI

24h UPCR (g/g)

Not hispanic or latino
Not Class V
Pure Class V
Mixed Class V
min
median
max
5th-95th percentile
min
median
max
5th-95th percentile
min
median
max
5th-95th percentile
min
median
max
5th-95th percentile
min
median
max
5th-95th percentile
min
median
max
5th-95th percentile

87.6
65.5
77.6
67.1
66.9
67
14.7
14.4
14.1
19
18.2
18.6
38
37
37
64
61.1
59
133
122
133
43-99.6 46-95.8 43.9-96.9
18
18
18
30
28
29
66
61
66
18.520-54
19-52.4
0.75
0.75
1.5
3
2.9
2.95
4.7
4.7
4.7
1.6-4.1
1.6-4
1.6-4.1
0.08
0.08
0.1
0.29
0.3
0.29
0.75
1.1
1.1
0.140.130.1441
39
39
104
96.5
99
165
168
168
51-142
55-142
48-146
0.37
0.37
0.694
3.73
3.26
3.57
27.1
15
27.1
1.2-11.3 1.52-11.2 1.32-11.3

Source: Applicant’s Population PK report (Voclosporin population PK in LN patients), Table 4.

Base model
The starting population PK model for development using AURA-LV and AURORA 1 data, was a
one-compartmental PK model with first order absorption and linear elimination, with estimated
parameters ka, VC/F and CL/F. It was evaluated if the data is best described by a one, two or
three-compartmental model. Inter-individual variability (IIV) was modelled assuming a lognormal distribution for patient level random effects. Log transformed voclosporin
concentrations were modeled with additive residual variability. To compare two nested models
a likelihood-ratio test was performed, under the assumption that the difference in MOFV of
2 distributed. The degrees of freedom are determined by the number
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of additional parameters in the more complex model. In case of adding one parameter to the
model (1 degree of freedom), a decrease of 6.64 points is considered statistically significant
(which theoretically coincides with a p-value of 0.01).
Covariate analysis
Clinical judgment, physiologic relevance, and mechanistic plausibility were used to determine
which covariates should be tested with the various PK parameters. The following relationships
were tested formally: baseline body weight, ALT, sex, age, race, serum albumin, total bilirubin
and eGFR (CKD-EPI calculation) on CL/F, and body weight on the other PK parameters with IIV in
the base model. Although IIV was not included on F, influential covariates on the main PK
parameters CL/F and VC/F, were also evaluated on F. Continuous covariates were evaluated
using a power function and categorical covariates were parameterized using indicator variables
with binary outcome.
Final model
A two-compartmental population PK model with first order oral absorption and linear
elimination was developed by the applicant for voclosporin in LN patients. An overview of this
model is presented in Figure 11, and the final parameter estimates and their precision are
shown in Table 73. no evidence was found for dose or time dependent non-linear kinetics of
voclosporin within the evaluated dose range (23.7 and 39.5 mg bid treatment groups).
Figure 11: Schematic overview of the final PK model of voclosporin in LN patients.

Model parameters: oral absorption rate constant (ka), oral bioavailability (F), apparent clearance (CL/F), apparent intercompartmental _ow
(Q/F), apparent central (VC/F) and peripheral volume (VP/F). Inter-individual variability (IIV) was implemented on CL/F and VC/F. For 35
patients, the VC/F was higher on average as characterized via a mixture model. F is 26% higher for Asian patients.

Source: Figure 1 Applicant’s Population PK report (Voclosporin population PK in LN patients).
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Table 73: Parameter estimates for the final PK model.

Source: Table 1 Applicant’s Population PK report (Voclosporin population PK in LN patients).

The goodness-of-fit plots for the final model are shown in Figure 12. Selected Visual Predictive
Check (VPC) plots for the final model are shown in Figure 13.
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Figure 12. Goodness-of-fit plots for the final model

The black dashed line in plots A and B represents the line of unity (y=x). The black dashed line in plots C and D
represents the horizontal line (y=0). The red line represents a smooth regression line.
Source: Figure 33 of Applicant’s Population PK report (Voclosporin population PK in LN patients).

265

Multi-disciplinary Review and Evaluation: NDA 213716
LUPKINYS (voclosporin)
Figure 13. Visual predictive check of the final PK model

Observed data (black dots), observed median (blue line), observed 5 th and 95th percentiles (dashed red lines), predicted median (black line)
and 90% variability-based prediction interval (shaded area) covering the predicted 5 th and 95th percentiles. For clarity, time after last dose
plot shown up to 16 h given limited data beyond this time.

Source: Figure 35 of Applicant’s Population PK report (Voclosporin population PK in LN patients).

The data supported the implementation of IIV on the apparent clearance and central volume.
However, for the apparent central volume, the estimated variability and associated shrinkage
were large with the individual random effects tailed toward higher volumes. In contrast with
the majority of patients, a subgroup of aberrant PK profiles were observed whereby voclosporin
concentrations hardly increased or even decreased during the period of 1-4 hours after dosing.
This issue was partly resolved by allowing the model to estimate a different population volume
for this subgroup of patients. In this way, the model assigned 35 patients to a high V C/F which
was 53 times higher than the population VC/F for the main population. However, it is unlikely
that these high apparent volumes correspond with actual physiological central volumes.
Based on the covariate analysis, body weight (range: 37 to 133 kg), age (range: 18 to 66 years),
gender and race are not significant covariates on clearance or volume (Figure 14-Figure 15).
Asian patients were found to have a 26% higher oral bioavailability.
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Figure 14. Random effects vs categorical covariates (gender and race) for the base model. A, B
Random effects on CL vs. gender and race, respectively. C, D Random effects on V vs. gender
and race, respectively.

Source: Figure 18 and 19 of Applicant’s Population PK report (Voclosporin population PK in LN patients).
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Figure 15. Random effects vs continuous covariates (body weight and age) for the base
model. A, B Random effects on CL vs. body weight and age, respectively. C, D Random effects
on V vs. body weight and age, respectively.

Source: Figure 20 and 23 of Applicant’s Population PK report (Voclosporin population PK in LN patients).

Reviewer’s comments:
In general, the applicant’s population PK analysis is considered acceptable to support the claims
in section 12.3 of the PI. The applicant’s analyses were verified by the reviewer, with no
significant discordance identified.
This analysis concluded that body weight (range: 37 to 133 kg), age (range: 18 to 66 years),
gender and race are not statistically significant covariates on clearance or volume, and support
the using of flat dosing instead of body weight based dosing. This is consistent with the
(b) (4)
population PK findings
, that body weight, age, gender, race did not have
significant impact on voclosporin PK.
However, we noted that the applicant used a linear model to describe the non-linear PK of
voclosporin over the therapeutic dose range. We sent multiple information requests to discuss
this issue with the applicant. Additional graphical analysis was performed by the applicant to
assess the value of adding intensive data from healthy volunteers to the analysis dataset. The
CL/F in patients with LN obtained by population PK modelling were compared with data in
healthy volunteers obtained by non-compartmental analysis (Studies ISA03-12 and ISA05-03). In
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line with previous observations based on data in healthy volunteers, a deviation from linearity
could be observed over a dose range of 0.25 to 1.5 mg/kg. Slightly lower median clearance was
observed after 39.5 mg BID compared to 23.7 mg BID dosing in LN patients, re-confirming the
non-linear PK of voclosporin (Figure 16). With overlapping ranges of the CL/F for both dose
groups in LN patients, it is not surprising that the current population PK model could not detect
(b) (4)
the non-linearity, while the CL/F of the previous population PK model
decreased
as totally daily dose increased using pooled dataset from phase 1 to phase 3 studies with a wide
dose range.
We also noted that the current population PK model was based on sparse sampling collected in
studies AURA-LV (23.7 and 39.5 mg BID) and AURORA 1 (23.7 mg BID). In AURA-LV, PK samples
were taken at Week 4 and Week 24 at pre-dose, at 1, 2 and 4 hour post-dose and with one
additional PK sample between 5 and 12 hours post-dose. In AURORA 1, the PK sampling was
sparser with PK sampling at pre-dose and 2 hours post-dose at Week 24 and Week 52. With this
sampling strategy, the developed population PK model might be able to reflect the
concentrations over the 12-hour dosing interval at steady state (Figure 13), but may not be
sensitive to capture the CL/F of voclosporin (t1/2 = 30 hrs based on intensive sampling in healthy
volunteers). The sparse sampling might also contribute to the overlapping ranges of the CL/F for
different dose groups in LN patients.
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Figure 16. Boxplots of Apparent Clearance (CL/F) in Healthy Volunteers and Non-Asian
Patients with LN in Function of Dose. Boxplots show the median (black line at center of box)
and its approximate 95% confidence interval (grey area), the inter-quartile range (box), the
1.5x inter-quartile range (whiskers) and outliers (circles) defined as values outside the 1.5x
inter-quartile range.

Source: Figure 4 of Applicant’s Response to FDA Information Request Dated 18 August 2020.

Exposure Response Analysis
Exposure-efficacy relationship
Sponsor’s analysis
The efficacy endpoint was percent of subjects in complete remission. In the Phase 2 dose
finding study (AURA-LV), 23.7 mg and 39.5 mg BID were tested. At Week 24 and 48, complete
remission was achieved by a higher proportion of subjects in both the low-dose (23.7 mg BID)
and high-dose (39.5 mg BID) voclosporin groups compared to the placebo group (Figure 17).
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Figure 17: Complete Remission at Week 24 (top) and at Week 48 (bottom) by treatment
groups in Study AURA-LV.

Source: Figure 5 and Figure 7 CSR AURA-LV

Exposure-safety relationship
The occurrence of any treatment-emergent adverse event (TEAE) and AEs in the System Organ
Classes (SOC) of Infections and Infestations, Vascular Disorders and Renal and Urinary Disorders
in the pivotal studies AURA-LV and AURORA 1 (23.7 mg and 39.5 mg BID) were summarized by
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AUC0-12 quartiles predicted by population PK (Table 74). A trend of increasing vascular disorders
with higher exposure of voclosporin was observed. This is attributed to the initial increase in
systolic (approximately 4 mmHg) and diastolic (approximately 3 mmHg) blood pressure at Week
4 in the voclosporin group, but not for placebo, observed in the pivotal clinical studies (AURALV and AURORA 1).
Table 74: AEs by System Organ Class and Preferred Term and AUC0-12 Quartiles

Abbreviations: AE = Adverse event; AUC = Area under the concentration-time curve; E = Events; n = number of
subjects; Q = Quartile; TEAE = Treatment-emergent adverse event.
Source: Table 24 Summary of Clinical Pharmacology Studies (Module 2.7.2)

Mean percent change from baseline in eGFR over time by treatment group in AURA-LV is
presented in Figure 18. Compared to baseline, eGFR decreased in both the low- and high-dose
voclosporin groups. The mean profiles were similar during the treatment while the high-dose
group achieved more substantial eGFR decrease at the end of the 48-week treatment. Mean
eGFR recovered after treatment termination at week 50. More pronounced mean percent
changes from baseline in eGFR were observed in south Asian patients (~25% of the subjects in
AURA-LV), compared to non-south Asian patients (~75% of the subjects in AURA-LV) (Figure 19).
(b) (4)
The overall findings using data collected in AURA-LV is consistent
that the percent changes from baseline in eGFR at the last
core visit increased with total dose, with more pronounced changes in south Asian patients
(Figure 20).
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Figure 18: Mean Percent Change from Baseline in eGFR Over Time by Treatment Group in
AURA-LV

Source: Reviewer’s Analysis
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Figure 19: Mean Percent Change from Baseline in eGFR Over Time by Treatment Group in
South Asian and Non-south Asian patients in AURA-LV

Source: Reviewer’s Analysis
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Figure 20: The percent change from baseline in eGFR increases with total dose with more
pronounced changes in south Asian patients (at the last core visit)

Source: Figure 2.3.2.4.1 Clinical Pharmacology Review

(b) (4)

Reviewer’s comments: The overall exposure-response analyses support the safety and
effectiveness of the 23.7 mg BID dosing.
Listing of related files
File Name

Description

Link to EDR

eaddmod.txt

NONMEM control
stream
NONMEM output
file
Population PK
dataset
Population PK
report
Response to FDA
Information
Request Dated 20
July 2020
Response to FDA
Information
Request Dated 18
August 2020

\\cdsesub1\evsprod\NDA213716\0009\m5\datasets\poppk\analysis\le
gacy\programs\eaddmod.txt
\\cdsesub1\evsprod\NDA213716\0009\m5\datasets\poppk\analysis\le
gacy\programs\eaddlst.txt
\\cdsesub1\evsprod\NDA213716\0009\m5\datasets\poppk\analysis\le
gacy\datasets\nmpkpooled_pkbv3.xpt
\\cdsesub1\evsprod\nda213716\0004\m5\53-clin-stud-rep\533-rephuman-pk-stud\5335-popul-pk-stud-rep\poppk\poppk-report.pdf
\\CDSESUB1\evsprod\nda213716\0009\m1\us\111-informationamendment\response-ir-dated-20jul2020.pdf

eaddlst.txt
nmpkpooled_p
kbv3.xpt
poppkreport.pdf
response-irdated20jul2020.pdf
response-irdated18aug2020.pdf

\\CDSESUB1\evsprod\nda213716\0014\m1\us\111-informationamendment\response-ir-dated-18aug2020.pdf
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Physiologically Based Pharmacokinetic (PBPK) Modeling Analysis
Executive Summary
The objective of this review is to evaluate the adequacy of the Applicant’s physiologically based
pharmacokinetic (PBPK) analyses to evaluate:
The relative contribution of CYP3A and P-gp in the metabolism and transport of
voclosporin
The effects of CYP3A inhibitors and inducers on voclosporin PK
The effects of coadministration of voclosporin on the PK of OATP1B1/3 substrate drugs
The Division of Pharmacometrics has reviewed the PBPK analyses report, the response to FDA’s
information request submitted on Oct 9 th, 2020, and the modeling supporting files, and
concluded that
The PBPK models are adequate to predict the effects of the following CYP3A
perpetrators on voclosporin PK
o moderate CYP3A inhibitors (diltiazem and fluconazole)
o weak CYP3A inhibitors (fluvoxamine and cimetidine)
o moderate CYP3A inducer (efavirenz)
The PBPK analyses are inadequate to estimate the effect of voclosporin on OATP1B
substrates (rosuvastatin and pravastatin) due to the lack of quantitative in vitro to in
vivo extrapolation for the in vitro OATP1B inhibition parameter K i and demonstrated
predictive performance of the pravastatin and rosuvastatin model.
Following co-administration of voclosporin 27.3-mg twice daily with CYP3A perpetrators, the
model predicted that moderate CYP3A inhibitors may increase the voclosporin exposure by
approximately 3-fold, but weak CYP3A inhibitors had little effects on the voclosporin exposure.
The moderate CYP3A inducer, efavirenz, may decrease the voclosporin exposure by
approximately 70%.
Background
Voclosporin is a novel calcineurin inhibitor (CNI) and is being investigated for treatment of lupus
nephritis (LN). Voclosporin has similar chemical structure as cyclosporine A (CsA) except that
voclosporin has a modification of a functional group on the amino acid 1 residue, which has
changed the binding properties of voclosporin and led to increased potency and altered
metabolic profile.
The proposed voclosporin dosing regimen is 23.7-mg twice daily (BID), given on an
empty stomach as three 7.9-mg capsules, corresponding to 0.37 mg/kg based on the median
body weight of a patient with lupus nephritis (LN) participating in the randomized clinical trial.
The maximum dose examined is 1.5 mg/kg. Following oral administration of single-dose or
multiple-dose of voclosporin, its AUC and Cmax increased greater than a dose proportional
manner across the dose range of 0.25- to 1.5-mg/kg.
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Voclosporin is extensively metabolized by CYP3A. In the human ADME study,
approximately 88% and 2% of radioactivity were recovered in the feces (5% unchanged parent)
and the urine (<0.3% unchanged parent), respectively. Voclosporin is not a substrate of BCRP,
OATP1B1 and OATP1B3. Voclosporin is determined in vitro to be an inhibitor of OATP1B1/3 and
BCRP, and a competitive inhibitor of CYP3A. The applicant conducted clinical DDI studies with
ketoconazole, rifampin, midazolam and digoxin to evaluate the in vivo relevance of the in vitro
findings. Refer to the Clinical Pharmacology review section for detail information on voclosporin
regarding ADME properties, in vitro and clinical studies used in PBPK modeling.

Methods
All simulations were performed using the PK/PD Profiles mode in the Simcyp® Simulator
(Version 17 Certara, Sheffield, UK). A scheme of the PBPK simulation strategy is shown in Figure
21, which summarizes the studies used for model development and verification, and model
applications in DDI predictions. Based on results from in vitro metabolism, and human ADME
studies, fraction of voclosporin metabolized by CYP3A (f m,CYP3A) was assigned to be 100%. The
model structure, model optimization and final model parameters for the voclosporin PBPK
model in healthy subjects are summarized in Table 75. Due to the high blood to plasma
concentration ratio, blood PK of voclosporin was reported for all simulations.
Figure 21. PBPK modeling and simulation strategy

(b) (4)
(b) (4)
(b) (4)
(b) (4)

* Reviewer’s analyses
Source: This flow chart was generated by the reviewer.

Simcyp library files of ketoconazole, diltiazem, verapamil and nor-verapamil, fluconazole,
fluvoxamine, cimetidine, rifampin MD, efavirenz, rosuvastatin and pravastatin were used for
DDI simulations without any modification except that a P-gp K i of 0.059 M was incorporated
into the sim-ketoconazole 400 mg QD file and ketoconazole CL/F was reduced to 3.7 L/h (see
comments in the Results section).
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Table 75. Final input parameters for voclosporin in its PBPK model

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

Source: Table 5 in the PBPK report.

Reviewer’s comment:
Voclosporin exhibited high non-specific binding to the plates used for the cell culture in the
Caco-2 transport study (e.g. as high as 92% at pH7.4 and 86% at pH 6.5 following 2-hour
incubation), which resulted in very poor recoveries of [14C]voclosporin (Study ISA08-02). Active
efflux of voclosporin from the apical side of Caco-2 cell monolayers were only detected at a
nominal concentration of 4 M, the highest concentration in this study. Due to the high nonspecific binding and difficulties in quantifying the concentration of free voclosporin, no study
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was conducted to confirm that the efflux was mediated by P-gp. The applicant assumed that the
efflux was mediated by P-gp, and attempted to use the PBPK modeling to support the claim that
P-gp plays little role in voclosporin absorption.
In order to investigate the role of intestinal P-gp in voclosporin disposition, P-gp kinetic
parameters of CsA were incorporated in the voclosporin PBPK model (Table 75). The resulting
voclosporin model is considered to be inadequate for investigating the role of P-gp in
voclosporin disposition for the following reasons:
(b) (4)

Results
1. Can the PBPK model adequately describe the PK profiles of voclosporin?
Voclosporin has a nonlinear PK. It was assumed that the nonlinear PK was mainly due to the
saturable metabolism by CYP3A, and the PBPK models of voclosporin was optimized using
the multiple-dose PK data from the study (ISA03-12). The model could describe voclosporin
PK following administration of multiple doses of voclosporin in healthy subjects (Figure 22
and Table 76) but overpredicted voclosporin exposure following administration of single
doses of voclosporin (Figure 23 and Table 77).
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Figure 22. Predicted and observed blood concentration-time profiles following a single dose
and then twice daily of voclosporin starting from day 3 for 10 days (ISA03-12) in healthy
subjects

Source: Figures 8-11 in the PBPK report. The solid black lines are the simulated mean population and the grey lines
are the simulated 5th and 95th percentiles. The circles are the observed mean blood concentrations.

Table 76. Predicted and observed PK parameters following a single dose and then twice daily
of voclosporin starting from day 3 for 10 days (ISA03-12) in healthy subjects
Day 1
Dose
(mg/kg)
0.25

Cmax
Arithmetic
mean
(ng/ml)
Predicted
41.86
Observed
48.6
Pred/Obs
0.86
0.5
Predicted
103.36
Observed
117.9
Pred/Obs
0.88
1
Predicted
239.14
Observed
496.2
Pred/Obs
0.48
1.5
Predicted
426.67
Observed
705.2
Pred/Obs
0.61
Median for Tmax

Tmax (h)
1.05
1
1.05
1.23
1
1.23
1.38
1.5
0.92
1.30
1.5
0.87

Day 13

AUC0-inf
(ng/ml·h)
264.56
195.8
1.35
647.48
468.3
1.38
1561.65
2191.6
0.71
2841.48
3098.5
0.92

Source: Tables 8-11 in the PBPK report.
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t1/2
(h)
9.04
6.9
1.31
8.74
8.5
1.03
8.81
11.9
0.74
8.89
12.5
0.71

CL/F
(L/h)
89.32
95.8
0.93
77.01
80.1
0.96
67.95
34.2
1.99
54.97
36.3
1.51

Cmax,ss
(ng/ml)
53.05
43.4
1.22
131.67
190.8
0.69
332.57
607.2
0.55
681.36
843.9
0.81

Tmax (h)
1.05
1
1.05
1.20
1
1.20
1.35
1.5
0.90
1.35
1.5
0.90

AUC0-t,ss
(ng/ml·h)
279.57
207.8
1.35
715.89
804.6
0.89
2023.26
2880.2
0.70
4665.57
4567.7
1.02

CLss/F
(L/h)
86.28
90.2
0.96
73.0
46.6
1.57
61.67
26
2.37
35.31
24.6
1.44
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Figure 23. Predicted and observed PK profiles following single oral doses of voclosporin in
healthy subjects (ISA03-10)

Source: Figures 7 and 12-15 in the PBPK report

Table 77. Predicted and observed PK parameters following oral administration of a single
dose of voclosporin (ISA03-10) in healthy subjects
Dose
(mg/kg)

Arithmetic
mean

0.25

Predicted
Observed
Pred/Obs
Predicted
Observed
Pred/Obs
Predicted
Observed
Pred/Obs
Predicted
Observed
Pred/Obs
Predicted
Observed
Pred/Obs

0.5

1.5

3

4.5

Cmax
(ng/ml)
44.40
32
1.39
102.17
77
1.33
401.38
459
0.87
960.42
874.9
1.10
1632.38
955.5
1.71

Tmax* (h)
1.05
1
1.05
1.21
1.5
0.81
1.20
1.5
0.80
1.51
2
0.75
1.88
1.8
1.05

AUC0-infinity
(ng/ml·h)
269.68
142.9
1.89
646.31
354.4
1.82
2586.83
2166.5
1.19
7273.22
5079.6
1.43
15502.46
7693.6
2.01

t1/2
(h)
8.50
5.7
1.49
8.10
7.9
1.03
8.57
14.3
0.60
8.07
17.4
0.46
8.63
18.1
0.48

CL/F (L/h)
87.42
126.5
0.69
77.80
102
0.76
57.40
50.3
1.14
41.66
42.7
0.98
31.95
42.3
0.76

*Median for Tmax

Source: Tables 6 and 12-15 in the PBPK report.

2. Can PBPK analyses predict the effects of CYP3A inhibitors on the PK of voclosporin?
Yes. CYP3A is mainly responsible for the metabolism of voclosporin. It was assumed that
fraction metabolized by CYP3A was 100%. The predicted ratios of AUC and C max of voclosporin
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following multiple-dose of 0.4 mg/kg voclosporin in the presence vs. absence of ketoconazole in
healthy subjects were consistent with clinical observations (Table 78), confirming the
contribution of CYP3A to voclosporin disposition. However, the effects of verapamil on
voclosporin exposure were overpredicted (Table 78). The reason for this overprediction is
unclear.
When 0.4 mg/kg voclosporin was co-administered with CYP3A inhibitors, the predicted AUC
of voclosporin was increased approximately 3-fold by moderate CYP3A inhibitors (e.g.
fluconazole and diltiazem), which is consistent with the observed effects of moderate CYP3A
inhibitor verapamil (Table 78 and Table 79), and was increased less than 25% by weak CYP3A
inhibitors fluvoxamine and cimetidine (Table 79).
Table 78. Predicted and Observed drug interactions of voclosporin in healthy subjects*
Dosing Regimens

AUC0-inf Ratio (GeoMean)

Cmax Ratio (GeoMean)

CYP3A Inhibitors
Victims
Obs.
Pred.
Pred/obs
Obs.
Pred.
Pred/obs
Ketoconazole
Voclosporin
18.6
18.77
1.01
6.45
8.89
1.38
400 mg QD 9d
0.4 mg/kg BID 9d
Verapamil
Voclosporin
2.71
6.91
2.55
2.08
4.26
2.05
80 mg TID 10d
0.4 mg/kg BID 10d
Rifampin
Voclosporin
0.13
0.19
1.43
0.34
0.26
0.81
600 mg QD 10d
0.4 mg/kg SD D10
*Simulations were performed using the PBPK model shown in Table 1 and sim-healthy subject population according to the trial
design in the clinical study reports.
Source: Tables 18, 20 and 22 in the PBPK report.

Table 79. Predicted effects of CYP3A inhibitors and inducers on voclosporin PK following
multiple-dose administration of both voclosporin and CYP3A inhibitors/inducers
CYP3A perpetrators

Cmax,inh
(ng/mL)

AUC0-12,inh
(ng/mL.h)

Cmax Ratio

AUC0-t,ss Ratio

Fluconazole
186.88
1385.74
2.12
3.05
400 mg QD D1 then 200 mg QD 9d
Diltiazem
202.91
1485.94
2.27
3.24
60 mg TID 10d
Fluvoxamine
105.65
561.40
1.20
1.23
100 mg BID 10d
Cimetidine
103.79
535.77
1.18
1.18
400 mg BID 10d
Efavirenz
34.79
137.93
0.39
0.30
600 mg QD 15d
*Multiple doses of voclosporin were given twice daily for 10 days. Sim-Healthy Subject population aged 20 -50 with female ratio
of 0.5 was used in these simulations. Geometric mean was reported.
Source: Tables 28 -31 in the PBPK report.

Additional comments:
It should be noted that, to reproduce the effect of ketoconazole on voclosporin,
ketoconazole CL/F in the sim-ketoconazole 400 mg QD file was reduced from 7.4 to 3.7
(b) (4)
L/h. The latter was the mean ketoconazole CL/F observed in the study
06. The
reduced ketoconazole oral clearance was unlikely due to drug interaction with
voclosporin because 1) ketoconazole is not a substrate of OATP1B1/3; 2) ketoconazole is
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a CYP3A substrate but a clinical DDI study showed that voclosporin had little effect on
midazolam PK (Study ISA07-07). After adjustment of ketoconazole CL/F in the model, the
model could simulate ketoconazole plasma concentrations and PK parameters (Table 80
and the left panel in Figure 24). The verification of the voclosporin model with the
ketoconazole DDI study is considered acceptable.
Verapamil significantly overpredicted the effect of verapamil on voclosporin PK (Table
78). This overprediction is not due to the over-prediction of verapamil PK as shown in
Table 80 and the right panel of Figure 24. The reason for the overprediction of the
magnitude of verapamil interaction is unclear. Because the observed effect of verapamil
and the predicted effects of fluconazole and diltiazem on voclosporin are all within the
expected effects of moderate CYP3A inhibitors, the voclosporin model and the predicted
DDI effects by moderate CYP3A inhibitors are considered acceptable.
Table 80. Predicted and observed plasma mean PK parameters for ketoconazole and
verapamil

Parameters
Predicted
Observed
Pred/Obs

Verapamil

Ketoconazole

Inhibitors

2.90
(1.35 - 5.35)
2
(1.75 – 4.0)

AUC0-t,ss
( g /ml·h)
120
(113 – 127)
104
(90.6 - 120)

1.45

1.15

Cmax ( g/ml)

Tmax (h)

10.5
(10.0 – 11.0)
11.9
(10.6 – 13.5)
0.88

3.34
(3.15 - 3.54)
3.83
(3.32 - 4.41)

Cmax
(ng/ml)
185
(173-198)
252
(220-289)

1.19
(0.47-2.92)
1
(0.5-2.0)

AUC0-t,ss
(ng /ml·h)
852
(791-918)
1106
(975-1254)

0.87

0.73

1.19

0.77

CL/F (L/h)

Tmax (h)

Values are geometric mean except T max: median (range); V17 Simcyp library Sim-Ketoconazole-400mg QD file was updated with mean CL/F from
the clinical study (b) (4) 06 (3.69 L/h)
Source: Tables 19 and 21 in the PBPK report

Figure 24. Predicted and observed plasma concentration-time profile of ketoconazole (left)
and verapamil (right)

Source: Figure 20 (left) and Figure 22a (right) in the PBPK report
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3. Can PBPK analyses predict the effects of CYP3A inducers on the PK of voclosporin?
Yes, the predicted ratios of AUC and C max of voclosporin following a single oral dose of 0.4
mg/kg voclosporin in the presence vs. absence of rifampin in healthy subjects were consistent
with that observed in the clinical trial (Table 78). When 0.4 mg/kg voclosporin was coadministered with the moderate CYP3A inducer efavirenz, the predicted geometric mean AUC
was decreased by 70% (Table 81).
4. Can PBPK model provide dose modification strategy when voclosporin is co-administered
with a moderate CYP3A inhibitor?
Yes. Due to a concern about exposure-dependent nephrotoxicity and blood pressure increase,
(b) (4)
the sponsor proposed
for co-administration of voclosporin
with moderate CYP3A inhibitors. FDA requested the sponsor to provide the justification for this
dose adjustment. The sponsor simulated voclosporin exposures in the absence or presence of
fluconazole under difference dosing scenarios (Table 81 and Figure 25). Voclosporin has not
been studied at doses lower than 0.25 mg/kg and voclosporin has nonlinear PK though modest.
Therefore, the voclosporin PBPK model has not been verified with clinical data at 0.12 mg/kg
BID and should be applied with caution. The simulations suggested that 7.9 mg BID with a
moderate CYP3A inhibitor may achieve slightly lower mean AUC, and 15.8 mg BID with a
moderate CYP3A inhibitor may achieve approximately 2-fold AUC comparing to the AUC
following the recommended dose of 23.7 mg BID without concomitant medications. The
simulation also suggested that 15.8 mg in the morning plus 7.9 mg in the afternoon with a
moderate CYP3A inhibitor may achieve approximately 1.5-fold AUC comparing to the AUC
following the recommended dose of 23.7 mg BID without concomitant medications.
Table 81. Simulated voclosporin Cmax and AUC0-24 following different dosing scenarios in the
absence or presence of the moderate CYP3A4 inhibitor fluconazole (400 mg QD on day 1
followed by 200 mg QD)

Source: The applicant’s response to information request on November 2 nd, 2020.
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Figure 25. Simulated concentration-time profiles of voclosporin following different dosing
scenarios in the absence or presence of the moderate CYP3A4 inhibitor fluconazole

Source: The applicant’s response to information request on November 2 nd, 2020.

5. Can PBPK analyses be used to estimate the effects of voclosporin on OATP1B1/3
substrates?
No, PBPK analyses are inadequate to estimate the effects of voclosporin on OATP1B1/3
substrates because the in vitro OATP1B1 inhibition studies were inadequate and the ability of
the pravastatin and rosuvastatin PBPK models to predict the effects of OATP1B1/3 inhibitors
has not been demonstrated.
Additional comments:
OATP1B1/3 inhibition studies were not conducted appropriately, and OATP1B1/3
inhibition parameters may be significantly underestimated.
(b) (4)
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(b) (4)

The in vitro to in vivo extrapolation of OATP1B1/3 inhibition parameter K i value has not
been established. The ability of the pravastatin and rosuvastatin models to predict the
effects of OATP1B inhibitors has not been demonstrated. The reviewer’s preliminary
analyses showed that
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(b) (4)

Conclusions
The PBPK analyses are adequate to evaluate the effects of CYP3A inhibitors and inducers on the
PK of voclosporin, but inadequate to evaluate the effects of voclosporin on OATP1B1/3
substrates.
When voclosporin was co-administered with CYP3A inhibitors, the predicted geometric
mean AUC was increased approximately 3-fold by moderate CYP3A inhibitors and was
increased by less than 25% by weak CYP3A inhibitors (Table 78).
When voclosporin was co-administered with a moderate CYP3A inducer efavirenz, the
predicted geometric mean AUC was decreased approximately by 70% (Table 78).
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Clinical Pharmacology Related Individual Study Review
In vitro Studies
The brief summary of in vitro studies was listed in Table 82.
Table 82. Voclosporin In Vitro Studies Using Human Biomaterials
ADME
Distribution

Conclusions
Binding of [14C]-voclosporin to human plasma proteins was determined to be
96.97% in vitro. Protein binding was similar at concentrations between 50 and
800 ng/mL, indicating that there was no saturation of voclosporin binding.
In vitro blood cell distribution studies demonstrated that voclosporin partitioned
extensively into red blood cells and distribution between whole blood and
plasma varied depending on the temperature studied. Therefore, whole blood
was measured for pharmacokinetics.
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Metabolism

DDI
potentialCYP
inhibition

DDI
potentialCYP
induction
DDI
potentialTransporter

Study ISA08-34
ng/mL) incubated with human liver microsomes (0.4 mg/mL protein
concentration) for 20 minutes. The results indicated that voclosporin was
metabolized to two major oxidative metabolites, IM4n and IM9, which were
generated at concentrations twice that of the other quantified metabolites. The
remaining metabolites included IM1-Diol-1, IM1c (R), IM1c (S), IM4, IM1Diol-3 and IM1-Diol-2.
The immunosuppressive potency of the metabolites IM1-Diol-1, IM1c(R), IM4,
IM4n and IM9 was investigated in the lymphocyte proliferation assay, a
surrogate measure of calcineurin inhibition. The metabolites were markedly less
potent than voclosporin: from <1% (IM1-Diol-1) to 12.9% (IM9) of
voclosporin based on IC50 values.
The metabolic pathway for voclosporin includes hydroxylation and oxidative
N-demethylation of non-amino acid-1 residues and epoxidation and hydrolysis
of the terminal double bond of amino acid-1. NADP+ is required for metabolism
of voclosporin.
A highly significant relationship (p<0.0001) was observed between the activity
of CYP3A4/5 and the metabolism of voclosporin.
Strongt correlation (p<0.05) was observed with CYP2B6. No correlation was
observed between the metabolism of voclosporin and the activity of CYP2D6
or CYP2C19.
Voclosporin was not considered to be a direct inhibitor of CYP2B6, CYP2C8,
CYP2C9, CYP2C19, CYP2D6 or CYP3A4/5 (as measured by testosterone hydroxylation), with IC50
concentration). Maximal inhibition of 24%, 12%, 14%, 22%, 39% and 27% was
observed with CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6 and
-hydroxylation), respectively.
Voclosporin was also not a time dependent inhibitor of CYP1A2, CYP2B6,
CYP2C8, CYP2C9, CYP2C19, CYP2D6 or CYP3A4/5 (as measured by
midazolam 1’-hydroxylation).
Voclosporin was a competitive inhibitor of CYP3A4/5 (as measured by
midazolam 1’ng/mL). Voclosporin was not a time-dependent or metabolism-dependent
-hydroxylation) as no
increase in inhibition was observed after a 30-minute preincubation in the
presence or absence of an NADPH-generating system.
Voclosporin is not an inducer of CYP1A2 or CYP3A4/5 enzyme activities in
cultured human hepatocytes.

Study ISA08-40

Study ISA09-10
Study ISA08-21
Study ISA03-06
Study ISA01-06
Study ISA03-06
Study ISA08-20

Study ISA08-03

Study ISA08-03
Study
XT193071

The active efflux ratios of >2 calculated on three of four occasions at a nominal

Study ISA08-02

that voclosporin may be a substrate for P-gp. Voclosporin may be a potential
inhibitor of PVoclosporin was shown to interact with the BCRP transporter in a BCRPmediated vesicular transport inhibition assay. At the highest voclosporin

Study XT-400(b) (4)
03

was observed.
Voclosporin is a potential inhibitor of OATP1B1 and OATP1B3 with a half
maximal inhibitory concentration (IC50
(292 ng/mL), respectively.
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02
Study XT-400(b) (4)
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Voclosporin does not appear to be a substrate for breast cancer resistance
protein (BCRP), organic anion-transporting polypeptide (OATP)1B1 or
OATP1B3.

Newly Submitted Phase 1 Studies to NDA 213716

Study AURVDC-2020-01

(b) (4)

Single and Multiple Rising Dose
Trial: AUR-VCS-2015-J01
Title: A Single-Center, Double-Blind, Placebo-Controlled, Randomized, Ascending MultipleDose, Safety, Tolerability, Pharmacokinetic and Pharmacodynamic Study of Voclosporin in
Healthy Japanese Volunteers
Study Period: 16 October 2016 - 12 December 2016
Objectives: To assess the tolerability, safety, PK and PD of voclosporin after single and multiple
ascending oral doses of voclosporin.
Test Product: Both voclosporin 7.9 mg (lot number: 14JM-281) and matching placebo (lot
(b) (4)
number: 14JM-267) softgel capsules were manufactured by
Study Design: This was a double-blind, placebo controlled, randomized study to assess the
safety, tolerability, pharmacokinetics, and pharmacodynamics of oral voclosporin following oral
administration of single and multiple ascending doses. A total of 40 healthy adult volunteer
subjects of Japanese descent were enrolled into 4 cohorts with 10 subjects per cohort (8 active,
2 placebo). Each cohort was assigned a dose level and cohorts were enrolled sequentially in
ascending order. Subjects were randomly assigned to active treatment or placebo prior to first
dose administration on Day 1. Single dose administration occurred in the morning (AM) on Day
1 and post first dose assessments continued through Day 2. Multiple dose administration
occurred on Day 3 through Day 12 BID (twice daily dosing; AM and evening (PM) doses given
approximately 12 hours apart). The last dose was administered in the AM on Day 13. The dose
strengths tested were 0.25, 0.5, 1.0, and 1.5 mg/kg. Doses to be studied in each cohort were
calculated based on an ideal body weight of 63.2 kg.
Sampling Schedule:
On Day 1, blood samples for PK assessments were collected before dosing (0 hours) and at
0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, and 24 (Day 2) hours after dosing;
On Day 3 to 12, blood samples for PK assessments were collected pre-AM dose;
On Day 13, blood samples for PK assessments were collected before dosing (0 hours) and at
0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 24 (Day 14), 48 (Day 15), and 72 (Day 16) hours after
dosing.
Results:
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Mean voclosporin concentrations are presented for all 4 dose cohorts on linear and semi-log
scales in Figure 26. Estimated PK parameters for voclosporin are summarized by dose cohort
and study day in Table 83.
Following single and multiple oral administration of voclosporin, mean C max and AUC on both
Day 1 and Day 13 increased greater than dose proportionally, with an approximately 7-fold
increase in exposure for a 4-fold increase in dose between 0.25 mg/kg and 1.0 mg/kg. However,
the changes in Cmax and AUC were approximately dose proportional from 1.0 to 1.5 mg/kg. The
median Tmax ranged between 1.50 to 2.00 hours on both Day 1 and Day 13 across all dose
cohorts. The mean terminal elimination half-life calculated on Day 13 was approximately
consistent across dose cohorts with mean values ranging from 27.1 to 30.6 hours. The mean
accumulation ratio based on AUC0-24 on Day 13 was approximately similar between the two
lower dose cohorts (0.25 mg/kg, 0.5 mg/kg and 1 mg/kg) ranging from 1.91 to 2.07 but was
higher in the 1.5 mg/kg cohort at 2.56.
The pharmacokinetic data from the current study in Japanese was compared to the historical
pharmacokinetic data in non-Japanese as obtained in study ISA03-12. It is important to note
that ISA03-12 used the oral solution formulation of voclosporin and not the to-be-marketed 7.9
mg encapsulated formulation. The comparison of Japanese PK data (AUR-VCS-2015-J01, Table
83) with the non-Japanese PK data (ISA03-12, Table 84) shows that, the mean C max was
approximately similar in the two lower dose cohorts between Japanese and non-Japanese on
Day 1 and Day 13, while in the two higher dose cohorts on Day 1 and Day 13, the mean C max
was approximately 30% lower in Japanese compared to non-Japanese. Based on mean AUC 0on Day 13, exposure was approximately similar between Japanese and non-Japanese in the
0.25 mg/kg and 0.5 mg/kg dose cohorts, while in the higher dose cohorts, the systemic
exposure was approximately 30% lower in Japanese compared to non-Japanese.
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Figure 26. Mean (±SD) Whole Blood Voclosporin Concentration-Time Profiles on Day 1 and
Day 13 (top panel linear scale; bottom panel semilog scale)
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Table 83. Mean (SD) Non-Compartmental Pharmacokinetic Parameters on Day 1 and Day 13
for Voclosporin in Healthy Japanese Subjects

Table 84. Mean (±SD) Non-Compartmental Pharmacokinetic Parameters on Day 1 and Day 13
for Voclosporin in Healthy Non-Japanese Subjects (ISA03-12)
Dose
(mg/kg
bid)

Day

t½
(h)

Tmax
(h)

Cmax
(ng/mL)

AUC0-12
(ng.h/mL)

0.25

1

6.9±1.7

1 (1-2)

48.6±10.1

163.8±48.4

195.8±64.7

-

0.25

13

30.2±10.8

1 (0-1.5)

43.4±17.8

207.8±98.8

460.3±232.5

1.3±0.5

0.5

1

8.5±2.6

1 (1-2.5)

117.9±4.1

384.5±159.9

468.3±217.1

-

0.5

13

33.2±14.2

1 (1-1.5)

190.8±49.6

804.6±289.9

1,613.4±679.8

2.2±0.7

1

1

11.9±1.9

1.5 (1-2.5)

496.2±117.2

1,677.1±690.8

2,191.6±972.7

-

1

13

31.4±7.6

1.5 (1.5-1.5)

607.2±188.6

2,880.2±1,177.2

6,111.3±2,645.8

1.7±0.3

1.5

1

12.5±2.1

1.5 (1-1.5)

705.2±78.9

2,425.6±386.1

3,098.5±526.3

-

1.5

13

36.8±7.8

1.5 (1-2)

843.9±324.5

4,567.7±2,045.3

11,188.5±4,918.5

1.8±0.6

AUC0(ng.h/mL)

RAUC

(b) (4)

Conclusion:
Voclosporin demonstrates non-linear pharmacokinetics in healthy Japanese volunteers, with
greater than dose proportional increases in AUC and C max observed across the dose range of
0.25 – 1.0 mg/kg. However, the changes in AUC and C max were approximately dose proportional
(b) (4)
from 1.0 to 1.5 mg/kg.
Exposures
in the Japanese subjects were approximately similar between Japanese and non-Japanese in
the 0.25 mg/kg and 0.5 mg/kg dose cohorts, while in the higher dose cohorts, the systemic
exposure was approximately 30% lower in Japanese compared to non-Japanese.
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DDI with Mycophenolate Mofetil
Trial: AUR-VCS-2018-01
Title: A Multicenter, Open-Label, Phase 1 Study to Investigate the Potential Effect of
Voclosporin (23.7 mg Twice Daily) on Blood Levels of Mycophenolate Mofetil (1000 mg Twice
Daily) in Subjects with Systemic Lupus Erythematosus
Study Period: 13 December 2018 – 24 June 2019
Objectives: To investigate the effect of voclosporin on blood levels of mycophenolic acid (MPA)
and mycophenolic acid glucuronide (MPAG) following dosing with mycophenolate mofetil
(MMF) when both are dosed to a steady state in subjects with SLE.
Test Product: Voclosporin 7.9 mg soft gel capsules (batch number 3137084) and MMF 500 mg
tablets (batch number T12516)
Study Design: This was a multicenter, open-label, Phase 1 study to evaluate the effect of
voclosporin on the blood levels of MMF in male and female subjects aged 18 to 65 years with
stable SLE (with or without LN). The entire duration of the study, including the screening period,
was approximately 9 weeks (Figure 27). Subjects remained at the study site for the duration of
the treatment period (Days 1 to 7).
Eligible subjects on a stable dose of MMF (1 g BID) were admitted to the study site prior to first
dose of voclosporin, either in the morning of Day 1 or the evening prior. Blood samples for PK
analysis of MPA and MPAG were taken pre-dose and after the morning dose of MMF.
Voclosporin was administered at a dose of 23.7 mg BID starting in the evening of Day 1 and
ending with the morning dose on Day 7. Blood samples for PK analysis of MPA, MPAG and
voclosporin were taken pre-dose and after the morning dose of both drugs on Day 7. Subjects
were discharged from the site after the Day 7 evening MMF dose and returned on Day 35 (±3
days) for follow-up evaluations.
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Figure 27 Study Design Scheme

Source: CSR AUR-VCS-2018-01, Figure 1

Sampling Schedule:
Samples for PK analysis of MPA and MPAG were collected on Day 1 at the following intervals:
pre-a.m. dose of MMF and 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 3, 4, 5, 6, 8, 10, and 12 hours
post-a.m. dose.
Samples for PK analysis of MPA, MPAG and voclosporin were collected on Day 7 at the
following intervals: pre-a.m. doses of MMF and VCS and 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 3,
4, 5, 6, 8, 10, and 12 hours post-a.m. doses.
Results:
Pharmacokinetics of MPA
The mean concentration-time profiles of MPA in plasma following administration of 1 g MMF
BID was similar in the presence and absence of voclosporin (Figure 28). The results of the
statistical analysis of MPA exposure using the PK data from the 24 subjects who provided
samples on both Day 1 and Day 7 are shown in Table 85. Based on the geometric mean ratios,
MPA exposure was similar following administration of 23.7 mg voclosporin BID and 1 g MMF
BID compared with administration of 1 g MMF BID alone, with treatment ratios of 0.94 for C max
and 1.09 for AUC0-12.
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Figure 28 Mean (±SD) Plasma Concentration vs. Time Profiles of MPA After Administration of
1 g MMF BID Alone (Day 1) and in the Presence of 23.7 mg Voclosporin BID (Day 7)

Table 85 Statistical Analysis of MPA After Administration of 1 g MMF BID Alone (Day 1) and in
the Presence of 23.7 mg Voclosporin BID (Day 7)

Pharmacokinetics of MPAG
The mean concentration-time profiles of MPAG in plasma following administration of 1 g MMF
BID showed a small increase in MPAG concentrations the presence of voclosporin (Figure 29).
The results of the statistical analysis of MPAG exposure using the PK data from the 24 subjects
who provided samples on both Day 1 and Day 7 are shown in Table 86. Based on the geometric
mean ratios, MPAG Cmax and AUC0-12 were 12% and 27% higher, respectively, following
administration of MMF with voclosporin compared with administration of 1 g MMF BID alone.
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Figure 29. Mean (±SD) Plasma Concentration vs. Time Profiles of MPAG After Administration
of 1 g MMF BID Alone (Day 1) and in the Presence of 23.7 mg Voclosporin BID (Day 7)

Table 86 Statistical Analysis of MPAG After Administration of 1 g MMF BID Alone (Day 1) and
in the Presence of 23.7 mg Voclosporin BID (Day 7)

Pharmacokinetics of Voclosporin
PK parameter estimates for voclosporin are presented in Table 87. The exposure of voclosporin
is similar to that observed in other studies.
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Table 87. Pharmacokinetic Parameters of Voclosporin After Administration of 23.7 mg BID in
the Presence of 1 g MMF BID (Day 7)

Conclusions:
No significant DDI between MMF and voclosporin was observed when voclosporin was coadministrated with MMF in subjects with SLE.
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Additional Clinical Outcome Assessment Analyses
Not applicable.

Additional Statistical Analyses
Tipping point analysis
The following algorithm was used in the tipping point analysis of primary endpoint.
1. Identify subjects referred to as non-responders due to missing data.
2. For the missing data, pairs of response rates for belimumab and placebo were
calculated. For each of pair of response rates,
a. For each subject identified in Step 1, generate a continuous response score
between 0 (nonresponse) and 1 (response) using SAS proc mi adjusting for the
covariates of induction regimen (CYC vs. MMF), race (Black vs. Non-Black),
baseline uPCR, and baseline eGFR.
b. Assign the imputed response (1 = response, 0 = non-response) based on the
response score and the current tipping point
c. Perform the primary analysis using logistic regression including covariates using
the data in step 2. Repeat the imputation (step 2) and analyze 50 times to
generate 50 individual odds ratios.
2. Use Proc Mianalyze in SAS to combine the 50 odds ratios using Rubin’s rule and output a
common p-value.
3. The result from the tipping point analysis displayed graphically with the vertical axis
being imputed placebo response (0 to 100%) and the horizontal axis being imputed
belimumab response (0 to 100%).
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Executive Summary (Clinical Relevance)
Nonclinical Regulatory Recommendation:
Clinical Study (ies) Safe to Proceed (Nonclinical Recommendation):
Allow to Proceed
Non-hold comments/advice to sponsor (if any):
None, but note internally, there were insufficient animals per treatment dose in
this study report from 2011.
Brief Discussion of Clinically Relevant Findings:
In a juvenile rat toxicity study, rats (n=5/sex/dose) were dosed daily with voclosporin
from postnatal day 28 for 10 continuous weeks with an additional set of animals
(n=5/sex/dose) allowed a 5-week recovery period. Due to greater TK exposure in males
than females in adult toxicity studies, the males doses of voclosporin were 1.25, 2.5,
and 5 mg/kg/day and the female doses were 2.5, 5 and 10 mg/kg/day. There were no
toxicological effects on all standard toxicological assessments. There were no effects
on developmental assessments of sexual maturation, and neurobehavioral
assessments that included activity and water maze learning. Histopathology findings
included cortical vacuolation (due to lymphocyte depletion) of the thymus, mineral
deposition at the corticomedullary junction of the kidney, mild vacuolation of the brain
neuropil, lymphocytic infiltration of the sciatic nerve. Most effects were absent or of
reduced incidence in recovery animals. NOAELs were the low dose for males (1.25
mg/kg/day) and females (2.5 mg/kg/day) due to these toxicities. Drug exposure was
similar to previous adult toxicity studies at similar doses.
While the number of animals studied were less than optimal in this study, the findings
were similar to those found with adult rats, with no new findings. Therefore, with
appropriate clinical monitoring, the tentatively proposed study in pediatric patients (not
yet submitted) would be reasonably safe to proceed from the nonclinical perspective.
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Nonclinical Summary
Drug Information+
Type of Product:
Code/ Generic Name:

Fungal extract, small molecule
Voclosporin
ISA247, ISATX247 and trans-ISA247
IE-001, IE-001-E and IE-001-trans
RO4543856; trans-, RO4543856; and CN 34899
(b) (4)

Chemical Name (optional):

CAS# or UNII (if available):
Structure or Biochemical
Description:

IUPAC:
Cyclo{[(6E)-(2S,3R,4R)-3-hydroxy-4-methyl-2
methylamino- 6,8-nonadienoyl]-L-2-aminobutyryl-N
methylglycyl-N-methyl-L-leucyl-L-valyl-N-methyl-L
leucyl-Lalanyl-D-alanyl-N-methyl-L-leucyl-N-methyl-L
leucyl-N-methyl-L-valyl}
CAS:515814-01-4
Voclosporin is an analog of cyclosporin, a cyclic
peptide derived from fungus (Tolypocladium inflatum),
(b)
that is manufactured for medicinal use (4)
. Voclosporin is structurally similar to
cyclosporin, except for a modified functional group on
the periphery of the molecule (i.e., the amino acid 1
(b) (4)
residue)
The drug substance consists of two geometric
isomers: the trans (E)-isomer and the cis (Z)-isomer.
Voclosporin is enriched with the trans-isomer (90 to
95% trans-isomer).
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Molecular Formula/
Molecular Weight:
Comment on Excipients:

C63H111N11O12 /
1214.6
The excipients were also used in the toxicology
studies and in some cases compared with a water
control. They are acceptable with no concerning
toxicities at the levels proposed.

Comment on Impurities:

Four impurities are present in the clinical formulation at
levels higher that those present in the nonclinical
toxicity study lots, (Pharmacology-Toxicology Review
(b) (4)
by Dr. Maria
(b) (4)
Rivera, dated July 21, 2010). These are
Since the proposed clinical doses
(b) (4)
for lupus nephritis indication
Further assessment of impurities will
be forthcoming as discussed at the Sponsor meeting
for IND 114577 on October 1, 2019 and described in
the Pharmacology-Toxicology Review of IND 114577
dated October 29, 2019.

Proposed 505(b)(2):
Biosimilar:
Clinical Information
First in human:
Previous Clinical Experience:

N
N

N
Yes,

(b) (4)

with no nonclinical approvability issues
The oral dose of 23.7 mg BID voclosporin is
currently being investigated in the two Phase 3
clinical trials that are ongoing [AUR-VCS-2016
01 (AURORA-1), and AUR-VCS-2016-02
(b) (4)
(AURORA-2)].

Current Clinical Phase:
Study Title/ ID:

Phase 3
An adaptive design, double-blind placebocontrolled, dose escalation PK/PD, efficacy and
safety study of voclosporin in LN in addition to
standard therapy, in pediatric patients from 12 to
≤17 years with active LN. /
5
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(b) (4)

Prospective, open-label, 52-week, multi-center
efficacy and safety study of voclosporin in
addition to background standard of care with
MMF and oral steroids in pediatric patients from
5 to ≤17 years with active LN; /
(b) (4)

(b) (4)

Proposed Doses/ Duration/
Route of Administration:
Patient Population:
Measures to Prevent Pregnancy:
Sponsor’s Maximum
Recommended Human Dose/
Target AUC or Cmax (if
applicable):
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1 Background
1.1 Regulatory History
IND 114577 for voclosporin treatment of patients with lupus nephritis was transferred
(b) (4)
from DCRP to DPARP on June 1, 2012.
The nonclinical program
was completed and reviewed in the NDA and there were no outstanding nonclinical
issues. Except for a juvenile rat study reviewed here, there were no additional
nonclinical studies submitted since the NDA review. The juvenile rat study (Report
HVV00003) was conducted after the NDA was submitted and the report was completed
(b)
before transfer of the application to DPARP. However, the date of submission to this (4)
is unknown. This nonclinical study was not mentioned in
the original 2016 or revised 2019 Pediatric Study Plan, but is noted in the October 29,
2019 Investigator Brochure with a rationale to further investigate neurological findings.
1.2 Relevant INDs, NDAs, BLAs or DMFs
Product development included the following INDs and an NDA, none of which are
currently under further development:
(b) (4)

1.3 Previous Reviews Referenced
(b) (4)

Pharmacology Toxicology Review, by Dr. M.I.
Rivera, July 21, 2010
IND 114577 Pharmacology Toxicology Review, by Dr. N.S. Patel, September 26,
2012
IND 114577 Pharmacology Toxicology Review, by Dr. L.S. Leshin, Oct 29, 2019
1.4 Clinical Information
Proposed Clinical Protocol: Pediatric Study Plan submitted requesting waiver for
pediatric ages less than 5 years of age. A finalized
protocol has not been submitted yet.
Previous Clinical Experience: Currently in Phase 3 for lupus nephritis in adult
patients (NDA expected in June of 2020)
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3 Studies Submitted
3.1 Studies Reviewed
Report / Location
HV00003
SD-90, November 15,
2018

Title
(b) (4)

Voclosporin (
A 10-Week Oral (Gavage) RepeatedDose Toxicity Study in Juvenile Sprague-Dawley Rats
Followed by a 5-week Recovery Period

4 Pharmacology
4.1 Primary Pharmacology
Mechanism of action
Both cyclosporin and voclosporin are calcineurin inhibitors. Calcineurin is a calcium and
calmodulin dependent serine/threonine protein phosphatase (also known as protein
phosphatase 3, and calcium-dependent serine-threonine phosphatase). Calcineurin
activates a transcription factor of activated T cell cytoplasmic (NFATc) by
dephosphorylating it. The activated NFATc is then translocated into the nucleus, where
it upregulates the expression of interleukin 2 (IL-2). IL-2 stimulates the growth and
differentiation of the T cell response. Voclosporin’s therapeutic effect is thought to be
mediated by inhibition of this process.

5 Pharmacokinetics/ADME/Toxicokinetics
5.2 Cross Species Comparison/ Toxicokinetics
These data are included from previous studies to enable comparison of juvenile rat
study (refer to Section 6.2) TK values with adult rat toxicity studies. Of note, TK values
in the juvenile study are from day 63, and at this point the animals were also considered
adult rats. Postnatal day 28 TK values from which there were a few sampling times
were obtained about 1 week after weaning and may be more relevant for comparison.
13-week rat toxicity study, (GLP)
Report ISA03-03,
Title: ISA247 (mixture), cis-ISA247, trans-ISA247: 13-week oral (gavage)
comparative toxicity study in the SD rat.
Doses: 0 (vehicle), 2.5, 10, 25
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Summary of Toxicokinetics Results from Week 1, 4, 8, a n d 13, following Oral
Administration in 13-Week Rat Toxicity Study
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The sum of cis and trans isomer Cmax and AUC0-24 hrs is presented in the boxes at the
right (above table)
26-Week Rat Toxicity Study + 28-day recovery, (GLP)
Report ISA01-18
Title: 26-week repeat dose oral toxicity study of ISATX247 and cyclosporine A in
Sprague-Dawley rats.
Doses: Males 1.25, 2.5, 10.0,
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Summary of Toxicokinetics Results from Week 1, 4, 8, 13, 17, and 26 following Oral
Administration in 26-Week Rat Toxicity Study (CsA = Cyclosporin A, ISA = Voclosporin)
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Tmu
(hours)

Treatment

Cmu (ng/mL)

!!

Week13

r

tYJ

<h~n)

I

AUC {0-24}

lne·h/mL)

Low Dose (l .25 m21k2/dav)

CsA Males
ISA Males
CsA Females
JSA Females
Mid Dose (2.5 nwlki!/day)
CsA Males
ISA Males
CsA Females
ISAFemalcs
Hifh Dose (10 IJ12/k2/day)
CsAMales
ISA Males
CsA Females
ISA Females

Low Dose (1.25 11121k2Jd1y)
CsA Males
ISA Males
CsA Females
ISA Females

I

4.0
4.0
1.0
1.0

30.9 :1: 11 .8111
25.2± 5.91' 1
16.8± 3.3
14.4 :I: 6.4

8
8
8
8

45.3
16.S
12.1
11.3

316.6
287.1
107.3
98.0

4.0
1.0
4.0
1.0

120.2 :I: 33.7'' 1
48.3 ± 21.3
57.4 :!:: 37.5
36.2± 12.1

8
8
8
8

12.5
6.3
8.0
5.1

1211.5
473.6
427.6
254.9

4.0
4.0
4.0
1.0

1085.5 ::I: 422.0
490.9 ± 68.61' 1
729.8 :I: 178.0
2361:I:91 .7

7'
8
8
8

11.5
7.9
5.7
6.4

15536.4
5796.5
5667.1
1486.8

Week 17
317.9

4.0
12.01' 1
1.0
1.0

25.9 ± 8.9
144.2 ± 271.01' 1
20.2 ± 3.1
18.3 ± 5.5

8
8
8
8

8.3
2.3v1
28.6
21.3

4.0
1.0
1.0
1.0

112.2 ± 33.31' 1
41.2 :I: 8.5
64.3 :!:: 32.7
37.5 :!: 16.2

.,.8
8
8

17.2
55.3
6.9
4.7

1418.6
667.6
442.9
226.l

4.0
4.0
4.0
1.0

1050.4 :!:: 386.21' 1
449.0 :I: 79.9v'
678.9 :I: 163.2
254.4 :I: 18.5

7•

JO.I

8
8

6.7
7.1
7.1

16118.1
5966.8
5373.9
1553.1

8.3
10.3
16.3
7.7

569.9
272.5
140.7
77.1

1231.5'~1

107.8
106.6

Mid Dose (2.5 rniUk.2/day)

CsA MaJcs
ISA Males
CsA Females
ISA Females
His!h Dose (10 IDl!/lu!/dav)

CsA Males
ISA Males
CsA Females
ISA Females

7•

Week26
Low Dose (1.25 nw/b/dav)
CsA Males
JSA Males
CsA Females
ISA Females

4.0
4.0
1.0
LO

45.2 :I: 5.~' 1
21.9 ± 4.31' 1
25.6 :!:: 7.7
12.8::1:4.2

8
8
8
8

Mid Dose (2.5 Dl21k.2/d1v)

CsA Males
4.0
163.9 :I: 47.31 ' 1
1799.0
43.7
8
ISA Males
l.O
51.6 ± 15.6
9.6
711.2
7•
CsA Females
1.0
71.5 ± 20.0
474.3
13.2
ISA Females
1.0
39.2± 9.7
5.1
275.4
8
Hl2h Dose 00 nw/b/dav)
7•
CsA Males
4.0
935.3 ± 181.2
64.1
12985.8
7•
ISA Males
4.0
522.2 :I: 304.3
7.8
6399.2
7•
CsA Females
4.0
754.4 ± 185.0
5367.1
14.0
7•
ISA Females
1.0
313.7 ± 89.6
1893.3
7.7
a
D
Ammal Died
Blood sample clotted \I) p < 0.05, CsA Males vs Females. \.LJ p <0.05, ISA Malcs vs Females
3
< > One outlier concentration (animal 1465 @ 12 h) alters the phannacokinetic parameters at this time point. With this
concentration removed, the Tmax is 4.0 h, Cmax is 26.9::1: 2.9, T,12 is 10.2, AUC(o-z•> is 299.7 and (2) is true.

,.
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6 General Toxicology
6.2 Repeat-Dose Toxicity+
(b) (4)

6.2.1 Study Title: Voclosporin (
A 10-Week Oral (Gavage) Repeated-Dose
Toxicity Study in Juvenile Sprague-Dawley Rats Followed by a 5-week
Recovery Period
Study no.:

Study report location:

Study initiation date:
Conducting laboratory and location:

HV00003
Sponsor at the time was

(b) (4)

Module 4.2.3.5.4, SD-90, November 15
2018, Final report date is Nov 28, 2011
(b) (4)
(
before
transfer to Aurinia);
September 29, 2009
(b) (4)

Duration: 10
Duration Units: weeks
GLP compliance: Y
Drug, lot #, and % purity: Voclosporin (
98.8%
Target Organ+: THYMUS
Target Organ+: KIDNEY
Target Organ+: BRAIN
Target Organ+: PNS

(b) (4)

Lot P080902, Purity

Methods
Doses: 0 (Control article, sterile water)
0 (Vehicle, voclosporin placebo)
Males: 1.25, 2.5, and 5 mg/kg/day
Females: 2.5, 5.0, and 10.0 mg/kg/day
(Male and female doses based on sex
differences in TK in adult tox studies, with
males having greater exposure than females at
the same dose)
Frequency of dosing:
Number/Sex/Group:
Dose volume:
Formulation/Vehicle:

Once daily
5/sex/dose
2 mL/kg
2 control groups:
 Control article, sterile water)
 Vehicle, voclosporin placebo)
Vitamin E/TPGS/ medium chain
triglycerides (MCT) oil/ Tween 40,
13
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and

(b)
(4)

% ethanol

(b) (4)

Route of administration:
Species:
Strain:
Age / Sexual Maturity:

ORAL GAVAGE
RAT
SPRAGUE-DAWLEY
Dosed from Postnatal day 28 and continued for
10 weeks
Comment on Study Design and Rat/Crl:CD(SD) [on or before PND 7, 100 rats
Conduct: (50 male and 50 female) from 10 litters (cross
fostered to provide 5 litters of 10 males and 5
litters of 10 females).
The number of animals per dose group is less
than preferred for a rat study, n=10/sex/dose.

•
•

5/sex/dose were terminated at the end of 10
weeks of dosing (PND 102)
5/sex/dose terminated at end of 5-week
recovery period (PND 137)
5/sex/dose for TK at PND 28 (day of
dosing) or PND 63 (~mid-study, young
adult)

In a preliminary study presented in this report
voclosporin was administered to nursing rats
between postnatal days 7 and 14 (PNDs 7 and
14) via oral gavage. There was high mortality
and the study was terminated. Although not
known for sure, it was hypothesized that
adverse interactions between the vehicle and/or
voclosporin with the milk and stomach contents
was the reason for the high mortality.
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Dosing Solution Analysis: Stability: Stability was demonstrated for 8
weeks when stored at room temperature (15 to
25°C.
Homogeneity: All samples were homogeneous
(%RSD <10%).
Concentration: All samples (but one) were
within 15% of the nominal target concentration.
The outlier was 16.32% higher than the target
concentration (1.25 mg/mL, mid-dose), but this
is not sufficient to affect the study data and
conclusions.

Observations and Results
Mortality
Animals were checked at least twice daily.
There were no drug-related mortalities. One male (#2103) in the vehicle control group
was found dead on PND 41 due to a gavage error, and another male (# 2509) in the 5.0
mg/kg/day voclosporin dose group was euthanized on PND 53 due to a broken palate.
Microscopic examination of the kidney and thymus of these two rats demonstrated
focal, mild tubular basophilia in the kidney of rat #2103 and minimal multifocal vacuolar
change in the cortex of the thymus of rat #2509.
Clinical Signs
Animals were checked predose and 30 to 60 min postdose.
There were no clinical signs attributed to voclosporin.
Postweaning Developmental Observations
Sexual Maturation
F1 generation female rats were evaluated for the age of vaginal patency,
beginning on PND 28. Male rats were evaluated for the age of preputial
separation, beginning on PND 39.
There was no effect of voclosporin on sexual maturation of males or females.
Functional Observational Battery
A functional observational battery (FOB) was conducted on PND 90 (± 2 days).
All main study rats were examined prior to the daily dosage administration. Even
though the dosage group assignment based on rat number was defined in the
randomization section of the protocol, the FOB was conducted to the extent
possible by an unbiased observer. The observer examined the rat in its home
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cage, while handling the animal, and/or in an open field to assess parameters
including, but not limited to:
• Lacrimation, salivation, palpebral closure, prominence of the eye,
pupillary reaction to light, piloerection, respiration, urination and
defecation, and body temperature (autonomic functions).
• Sensorimotor responses to visual, acoustic, tactile, and painful stimuli
(reactivity and sensitivity).
• Reactions to handling and behavior in the open field (excitability).
• Gait pattern in the open field, severity of gait abnormalities, air righting
reaction, visual placing response, and landing foot splay (gait and
sensorimotor coordination).
• Forelimb and hindlimb grip tests.
• Abnormal clinical observations which were not specified in the
measurement scales for the parameters listed above. These observations
would include, but were not limited to: general appearance (e.g., changes
in skin, fur and mucous membranes; presence or absence of discharge;
emaciation; dehydration), body position and posture (e.g., hunchback
posture), neuromuscular system (e.g., tremor, convulsion, muscular
contractions, hypotonia, hypertonia), and behavior (e.g., headshaking,
gyration, autophagia, backward motion, abnormal vocalization).
There was no effect of voclosporin on the Functional Observational Battery parameters
evaluated.
Motor Activity
Motor activity was evaluated on PND 90 (± 2 days). All main study rats were
examined prior to the daily dosage administration. The movements of each rat
were monitored by a passive infrared sensor mounted outside a stainless steel,
wire-bottomed cage (40.6 x 25.4 x 17.8 cm). Each test session was
approximately 1.5 hours in duration, with the number of movements and time
spent in movement tabulated at each five-minute interval.
There was no effect of voclosporin on motor activity.
Watermaze Testing (PNDs 76 to 88)
All main study F1 generation rats were evaluated for learning and retention of a
spatial navigation task (water-filled Morris maze) between PNDs 76 to 88 prior to
the daily dosage administration. The test is a complex spatial navigation task
first described by Morris. In multiple testing trials the rat was required to navigate
from different starting positions along the edge of the water-filled pool (22°± 2°C,
152 cm in diameter) to a “goal” platform (36 cm high and 10 cm square) at a fixed
position just under the surface of the water and hidden by plastic pellets covering
the surface. In each testing trial with the platform in place, the rat was required to
remain on the platform for 15 seconds after locating it. If the rat did not find the
location of the platform within 60 seconds, the animal was directed to the
platform. After that period the animal was placed in a holding cage for 30
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seconds before the next trial. Testing was conducted in three sessions on
consecutive days with 12 trials in each session: these included 11 trials in which
the latency to reach the platform was measured (up to a maximum of 60
seconds) and the last trial (probe trial) of each session in which the platform was
removed and the rat’s movement was video-recorded for 30 seconds in order to
determine the relative proportion of time spent in the quadrant in which the
platform had been placed on the previous trials. Parameters reported included,
but were not limited to, the latency in each training trial and the percentage of
time spent in the goal quadrant in each of the probe trials.
There was no effect of voclosporin on the Morris watermaze.
Body Weights
Body weights were recorded at least twice weekly.
There were no effects of voclosporin on body weight or body weight gain.
Feed Consumption
Feed consumption was monitored as it was replenished.
There were no effects of voclosporin on feed consumption.
Ophthalmoscopy
Ophthalmological examinations were performed during the last week of dosing
(PNDs 96 to 100) and recovery (PNDs 127 to 131). An indirect ophthalmoscope
with a hand-held lens was used to examine ocular structures (lens and fundus
oculi).
There were no effects of voclosporin on ophthalmoscopy. Focal retinopathy was
observed in voclosporin and control groups and considered a background finding.
Hematology
Blood samples were collected at sacrifice (PND 102) from the inferior vena cava.
There were no effects of voclosporin on hematology or coagulation parameters.
Clinical Chemistry
Blood samples were collected at sacrifice (PND 102) from the inferior vena cava.
There were no effects of voclosporin on clinical chemistry.
Urinalysis
Urine was collected overnight at dosing termination PND 102 and at the end of
recovery PND 137.
There were no effects of voclosporin on urinalysis.
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Gross Pathology
There were no effects of voclosporin on gross pathology.
Organ Weights
There were no effects of voclosporin on organ weights.
Histopathology
Adequate Battery: Yes, although the total number of rats/sex/dose was only 5
instead of the usual 10 animals.
Peer Review: Yes
Histological findings related to voclosporin administration were confined to the thymus,
kidney, brain, and peripheral nervous system.
In the thymus, cortical multifocal vacuolation (due to reduction in germinal centers,
lymphocytes) occurred at mid and high doses of males and females. This was mostly
recoverable, since after a 5-week recovery, only 1 high dose female had this finding at
minimal severity. In one male rat (2109) in the high dose group (Group V), the finding
was slightly more intense (mild v. minimal) and was accompanied by lymphocyte
depletion in the mesenteric lymph node.
In the kidney, multifocal to widespread mineral deposition occurred at the
corticomedullary junction in all high dose females and 1 mid -dose female, and which
was only found in 1 female at the high dose after 5 weeks of recovery. There was no
effect on urinalysis. The finding was not present in males.
In the brain, there was mild vacuolation of the neuropil in the brain of 1 female (#3009)
in the high dose group. Mild, multifocal lymphocytic infiltration of the sciatic nerve
occurred in a different high dose female. There were no other neurologic findings.
There were no effects on developmental assessments of neurobehavioral function in
these females or any other animal.
Histopathology Summary Table
Sex
Dose
(mg/kg/day)

M
F
0
(water)

AUC (ng-h/mL)
PND 63
N main
N recovery

5
5

5
5

M
F
0
(vehicle)

4
5

5
5

Severity
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M
1.25

F
2.5

M
2.5

F
5

M
5

F
10

306

378

812

795

1687

2879

5
5

5
5

5
5

5
5

4
5

5
5
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Brain
Vacuolation,
mild
neuropil
Recovery
Kidney
Fibrosis, bilateral,
multifocal
Fibrosis,
Uni ateral, focal
Recovery
Mineralization,
corticomedullary
junction, bilateral,
widespread
Recovery
Mineralization,
corticomedullary
junction,
unilateral,
multifocal
focal
Recovery
multifocal, focal
unilateral, focal
Mineralization,
cortex, multifocal
Dilation; tubular;
unilateral; focal,
Infiltration,
Mononuclear
Cel ; focal

0

0

0

0

-

-

-

-

0

1
0

minimal

1

minimal

1
2

1

mild
moderate

2
3
1

mild
moderate

1
2

mild

1
0

Moderate
mild
mild

1

1
1
1

mild

1

mild

1

Lymph Node, Mesenteric
Depletion,
mild
lymphoid
Recovery
Nerve, Sciatic
Infiltration;
mild
lymphocytic;
multifocal

-

-

-

-

1

-

-

-

-

1

-

-

-

-

1

Thymus
Congestion;
minimal
multifocal
Recovery minimal
Vacuolation;
minimal

1
1

1

1
1
1
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cortical;
mild
multifocal
Recovery minimal

0

0

1

0

1

- Not examined
Blank cells – no findings observed
Toxicokinetics On PND 28 (first dosing day for weaned rats), blood samples
(target 0.6 mL each) were collected from the inferior vena cava immediately after
sacrifice. Terminal blood samples were collected approximately two hours
postdose from three rats per sex in Group II (Vehicle) and from three rats per sex
per timepoint (approximately 2, 4 or 24 hours postdose) in Groups III through V
(Voclosporin treated groups).
On PND 63, blood samples (target 0.6 mL each) were collected from the lateral
tail vein. Blood samples were collected predose and approximately 2 and 24
hours postdose from in Group II. Blood samples were collected predose and
approximately 1, 2, 4, 12 and 24 hours postdose in Groups III through V.
The bioanalytical report was prepared by Isotechnika Inc., Edmonton, Alberta,
CANADA. No toxicokinetic parameters were determined and no additional
statistical analysis was performed on the whole blood voclosporin level data.
Serum voclosporin increased with dose in both males and females on day 1 and day 63
of dosing. Estimated AUC values (reviewer calculated using the trapezoid rule) at day
63 were generally similar to values in adult toxicity studies at similar doses and ages
(see Section 5.2). Concentrations at first day of dosing were generally higher than at
week 10 of dosing but may be artifactual due to the few sampling timepoints on the first
dosing day.
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Toxicokinetic Summary*
Males
Times (h)
Dose
(mg/kg/day)
PND-28

0

1

2

4

12

24
AUC0-24
(ng-h/mL)

II (vehicle)
III (1.25)
IV (2.5)
V (5.0)

52.1
109.1
249.3

28.9
70.3
265.1

7.6
20.3
27.3

498
1194
3688

25.6
69.6
129.7

4.5
9
18.4

306
812
1687

PND-63
II (vehicle)
III (1.25)
IV (2.5)
V (5.0)

0
13.7
12.6
21.7

17.5
31.1
66

20.5
54
125.9

9.6
29.2
66.2

Females
PND-28
II (vehicle)
III (2.5)
100.5
114.9
16.8
IV (5.0)
285
336.4
32.6
V (10.0)
805.6
550.9
82.5
PND-63
II (vehicle)
0
III (2.5)
2.8
30.6
35.6
44.3
5.6
2.7
IV (5.0)
6.7
83.8
77.4
88.6
11.5
5.1
V (10.0)
13.6
297.3
341.5
46.2
16.3
159.5
* Reviewer calculated AUC by the trapezoid rule.
Values are derived the means of 1 to 3 animals/dose/sex/collection time
Blank cells indicate no blood collection
- Indicates concentration below minimal detectable

21
Reference ID: 4737856
4553342

652
4296
8382

378
795
2879

Signature Page 1 of 1

-------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.
-------------------------------------------------------------------------------------------/s/
-----------------------------------------------------------LAWRENCE S LESHIN
01/29/2020 09:25:12 AM
CAROL M GALVIS
01/29/2020 11:07:02 AM
I concur.

Reference ID: 4737856
4553342

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research
Office of Translational Science
Office of Biostatistics

Statistical Review and Evaluation
CARCINOGENICITY STUDIES
IND/NDA Number:

(b) (4)

Drug Name:

ISA247

Indication(s):

104 Week Carcinogenicity in Rats and Mice

Applicant:

Sponsor: Isotechnika, Inc.
5129-75th Street, Edmonton, AB T6E 6W2
Test Facility:

(b) (4)

Documents Reviewed:

Electronic submission, Dated: Feb. 03, 2010
Electronic data submitted on Feb. 03, 2010

Review Priority:

Standard

Biometrics Division:

Division of Biometrics -6

Statistical Reviewer:

Mohammad Atiar Rahman, Ph.D.

Concurring Reviewer:

Karl Lin, Ph.D.
(b) (4)

Medical Division:
Reviewing Pharmacologist:

Maria Rivera, Ph.D.

Project Manager:

Mike Puglisi

Keywords:

Carcinogenicity, Dose response

Reference ID: 4737856

(b) (4)

ISA247

Page 2 of 32

Table of Contents
1. ........................................................................................................................................ Background

3

2. ........................................................................................................................................... Rat Study
2.1.
Sponsor's analyses.............................................................................................................................3
2.1.1. Survival analysis .................................................................................................................3
2.1.2. Tumor data analysis ............................................................................................................4
2.2.
Reviewer's analyses...........................................................................................................................5
2.2.1. Survival analysis .................................................................................................................5
2.2.2. Tumor data analysis ............................................................................................................6

3

3. ....................................................................................................................................... Mouse Study
3.1.
Sponsor's analyses.............................................................................................................................8
3.1.1. Survival analysis .................................................................................................................8
3.1.2. Tumor data analysis ............................................................................................................8
3.2.
Reviewer's analyses...........................................................................................................................9
3.2.1. Survival analysis .................................................................................................................9
3.2.2. Tumor data analysis ..........................................................................................................10

7

4. ............................................................................................................................................ Summary

10

5. ........................................................................................................................................... Appendix

13

6. .......................................................................................................................................... References

32

Reference ID: 4737856

(b) (4)

ISA247

Page 3 of 32

1. Background
In this submission the sponsor included reports of two animal carcinogenicity studies, one in rats and one in
mice. These studies were intended to assess the carcinogenic potential of ISA247 in rats and mice when
administered orally by gavage once daily at appropriate drug levels for about 104 weeks. Results of this review
have been discussed with the reviewing pharmacologist Dr. Rivera.
In this review the phrase "dose response relationship" refers to the linear component of the effect of treatment,
and not necessarily to a strictly increasing or decreasing mortality or tumor incidence rate as dose increases.

2. Rat Study
Two separate experiments were conducted, one in males and one in females. In each of these two
experiments there were three treated groups, one vehicle control group, and one saline control group. Three
hundred and twenty five Crl:CD(SD) rats of each sex were randomly allocated to treated and control groups
in equal size of 65 animals. The dose levels for male treated groups were 0.05, 0.25 and 1.25 mg/kg/day, and
those for female treated groups were 0.1, 0.5 and 2.5 mg/kg/day. In this review these dose groups were
referred to as the low, medium, and high dose group, respectively. The vehicle control group received the
(b) (4)
] by gavage.
vehicle [Vitamin E TPGS, MTC oil, Tween®40, ethanol,
As mentioned earlier this study was designed to continue for 104 weeks however, due to decreased survival in
the vehicle control group, all males were euthanized during study weeks 95-96 and all females were
euthanized during study weeks 95-97.
The animals were observed twice daily, once in the morning and once in the afternoon, for mortality and
morbidity. All animals also received a clinical examination daily approximately 1 to 2 hours after dosing.
Detailed physical examinations were conducted on all animals weekly, beginning 3 weeks prior to test article
administration, and prior to the scheduled necropsy. All animals were examined weekly for the presence of
palpable masses. The time of onset, location, size, appearance and progression of each mass were recorded
throughout the study period. Body weights were recorded weekly, beginning approximately 3 weeks prior to
the initiation of dose administration, through study week 14 and biweekly thereafter. Final body weights were
recorded prior to each scheduled necropsy.
2.1.
2.1.1.

Sponsor's analyses

Survival analysis

The survival function of each treatment group was estimated using the Kaplan-Meier product limit method
and was presented graphically. The survival time in which the status of an animal's death was classified as
accidental death or early terminal euthanasia was considered as censored. The homogeneity of survival rates
across the groups were compared using the generalized Wilcoxon test (Gehan, 1965) at the 0.05 level of
significance. The pairwise comparisons of survival rates of each of the treated groups with the each of the
control groups were performed using the log-rank test. For the pairwise comparisons the Bonferroni
adjusted significance levels (i.e., each of the k comparisons for a given variable were conducted at the 0.05/k
significance level) were used for the adjustment of multiple testing.
Sponsor’s findings: The sponsor’s analysis showed 40.0%, 30.8%, 29.2%, 32.3%, and 24.6% survivals at
study week 95 in the male saline control, vehicle control, low, medium and high dose groups, respectively.
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Also at study week 95, the female rats had 35.4%, 32.3%, 46.2%, 32.3% and 46.2% survival in the saline
control, vehicle control, low, medium and high dose groups, respectively. The sponsor’s statistical evaluation
showed a statistically significant dose response relationship in survival in male rats. Also in male rats, the
pairwise comparison showed statistically significant difference in the survival between high dose group and
their saline control group. Since survival in the vehicle control group was similar to all the ISA247-treated
group males and all were lower than the saline control group, the sponsor concluded that any apparent
treatment-related increase in mortality appears to be a function of the vehicle and not a direct test article
effect. Overall the sponsor concluded that there were no test article-related effects on survivability.
2.1.2.

Tumor data analysis

Tumor data were analyzed for positive dose response using the methods outlined in the paper of Peto et al.
(1980). Pairwise comparisons of each active treatment group with control groups were conducted were also
conducted using the same methodology. Both dose response and pairwise tests were conducted using each
control group individually. In addition, a two-sided test was conducted to compare the two control groups.
The prevalence method of Peto was performed without continuity correction, incorporating the context of
(incidental or fatal) in which tumors were observed. The fatal context was used for a tumor discovered at
death that was considered the cause of death, while the incidental context was used for a tumor discovered at
death or at a scheduled euthanasia but was not considered the cause of death. The following fixed intervals
were used for incidental tumor analyses: study weeks 0-50, 51-80 and 81-end of study and scheduled terminal
euthanasia. Animals that were euthanized in extremis were considered as deaths for the purpose of tumor
analysis. For clinically detected tumors, the time of appearance of each tumor was defined as the day the
tumor was discovered clinically (e.g. palpable mass), provided that the tumor was subsequently confirmed by
histopathological examination. The day of death or scheduled necropsy was used as the time of onset for
tumors found during necropsy or histopathological examination. Tumors were characterized as malignant,
benign or as a metastatic site, by tissue or organ affected and by cell of origin. All tumor types were analyzed
separately, and at the discretion of the study director and/or pathologist some combinations of them were
made and tested.
In general for all tumor data analysis asymptotic tests were performed, however for analyses of tumors with
low tumor incidence rates exact permutation tests were conducted. Low tumor incidence was defined as one
in which the marginal incidence rate within a defined interval was 4 or less. Statistical significance was
determined according to the following FDA guidelines: trend tests were conducted at the 0.005 and 0.025
significance levels for common and rare tumors, respectively. Pairwise comparisons with the control group
were conducted at the 0.01 and 0.05 significance levels for common and rare tumors, respectively. Common
tumors were defined as those with a spontaneous rate of 1% or more in the concurrent saline control group
(b) (4)
and/or the
historical control database; rare tumors were defined as those with a spontaneous
(b) (4)
rate of less than 1% in the concurrent saline control group and/or the
historical control
database.
Sponsor’s findings: Sponsor’s analyses showed that in the male rats there was a significant increase in the
onset of pancreatic islet cell tumors when the high dose group was compared to the vehicle control group.
This finding was found significant only for the combination of islet cell adenoma and islet cell carcinoma.
Therefore, in the absence of a significant variation from the saline control group, statistically significant doserelated trend, and a lack of similar effects in the females, the sponsor considered this occurrence of the
pancreatic islet cell tumors in the male high dose group as spontaneous and incidental to test article
treatment. In the female rats, there was a significant increase in the onset of benign granular cell tumors of
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the cervix in the medium dose group compared to the saline control group. Also when this tumor was
combined with those in the vagina there was a significant increase in the onset in the medium and high dose
groups compared to the saline control group.
The sponsor mentioned that the (b) (4) historical control database for carcinogenicity studies had no cervical
granular cell tumors (0/353) identified compared to an average incidence of 0.66% (2/304) in the vagina.
(b) (4)
had mean incidences of 0.09 (2/2341) and 0.13% (3/2344) in the cervix and vagina,
respectively. The sponsor pointed out that the current study had similar incidences between the vehicle
control and ISA247-treated groups (4.6%-9.2%) and the absence of a statistically significant dose response
indicates that any effect of treatment was not due to test article alone. The sponsor further commented that
what affect the vehicle-test article mixture had on the induction of granular cell tumors in the female
reproductive tract were unclear, however, the absence of a dose response at the 0.5 and 2.5 mg/kg/day
dosages suggests an incidental change unrelated to the administration of test article, vehicle, or a combination
effect. Overall, the sponsor concluded that no test article-related neoplastic changes were seen in either sex.
2.2.

Reviewer's analyses

To verify sponsor’s analyses and to perform additional analysis suggested by the reviewing pharmacologist, this
reviewer independently performed survival and tumor data analyses. Data used in this reviewer's analyses were
provided by the sponsor electronically.
2.2.1.

Survival analysis

The survival distributions of animals in all five treatment groups were estimated by the Kaplan-Meier product
limit method. The dose response relationship was tested using the likelihood ratio test and homogeneity of
survival distributions was tested using the log-rank test. The intercurrent mortality data are given in Tables 1A
and 1B in the appendix for male and female rats, respectively. The Kaplan-Meier curves for survival rate are
given in Figures 1A and 1B in the appendix for male and female rats, respectively. Results of the tests for dose
response relationship and homogeneity of survivals, are given in Tables 2A and 2B in the appendix for male and
female rats, respectively.
Reviewer’s findings: This reviewer’s analysis showed 41.5%, 30.8%, 29.2%, 33.9%, and 27.7% survival of
male rats, and 35.4%, 32.3%, 46.2%, 35.4%, and 47.7% survival of female rats in Saline Control, Vehicle
Control, low, medium, and high dose groups, respectively. This reviewer’s analysis did not show any
statistically significant dose response relationship in mortality across treatment groups in male or female rats
using either of the control groups. Pairwise comparisons showed statistically significant increased mortality in
the male high dose group compared to the saline control.

Reviewer’s comment: The sponsor’s analysis showed 40.0%, 30.8%, 29.2%, 32.3%, and 24.6% survivals in the male
rats, and 35.4%, 32.3%, 46.2%, 32.3% and 46.2% percent survival in the female saline control, vehicle control, low, medium
and high dose groups, respectively, while this reviewer’s analysis showed 41.5%, 30.8%, 29.2%, 33.9%, and 27.7% survival of
male rats, and 35.4%, 32.3%, 46.2%, 35.4%, and 47.7% survival of female rats in Saline Control, Vehicle Control, low,
medium, and high dose groups, respectively. These differences are due to the fact that there was one animal (#7165) in male
saline control group, one animal (#7315) in male medium dose group, two animals (#7063 and #7083) in male high dose
group, two animals (#7425 and #7610) in female medium dose group, and one animal (#7582) in female high dose group
that died naturally during terminal sacrifice weeks. The sponsor did not count them with the terminally sacrificed animals, while
this reviewer counted them with the terminally sacrificed animals.
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Tumor data analysis

The tumor data were analyzed twice, once using the vehicle control and once using the saline control group. The
tumor data were analyzed for dose response relationships and pairwise comparisons of control groups with each
of the treated groups. Both the dose response relationship tests and pairwise comparisons were performed using
the Poly-k method described in the paper of Bailer and Portier (1988) and Bieler and Williams (1993). In this
method an animal that lives the full study period ( wmax ) or dies before the terminal sacrifice with at least one
tumor gets a score of sh =1. An animal that dies at week wh without a tumor before the end of the study gets a
k

⎛ w ⎞
score of sh = ⎜⎜ h ⎟⎟ <1. The adjusted group size is defined as Σ sh . As an interpretation, an animal with
⎝ wmax ⎠
score sh =1 can be considered as a whole animal while an animal with score sh <1 can be considered as a partial
animal. The adjusted group size Σ sh is equal to N (the original group size) if all animals live up to the end of the
study or if each animal develops at least one tumor, otherwise the adjusted group size is less than N. These
adjusted group sizes are then used for the dose response relationship (or the pairwise) tests using the CochranArmitage test. One critical point for Poly-k test is the choice of the appropriate value of k, which depends on the
tumor incidence pattern with the increased dose. For long term 104 week standard rat and mouse studies, a
value of k=3 is suggested in the literature. Hence, this reviewer used k=3 for the analysis of this data. For the
calculation of p-values the exact permutation method was used. The incidence rates and the p-values of the
tumor types tested for dose response relationship and pairwise comparisons of control and treated groups are
given in Tables 3A_VC and 3A_SA for males using the vehicle control and saline control, respectively, and
3B_VC and 3B_SC for females using the vehicle control and saline control, respectively in the appendix.
Multiple testing adjustment: For the adjustment of multiple testing of dose response relationship, the FDA
guidance for the carcinogenicity study design and data analysis suggests the use of test levels α=0.005 for
common tumors and α=0.025 for rare tumors for a submission with two species, and a significance level
α=0.01 for common tumors and α=0.05 for rare tumors for a submission with one species study in order to
keep the false-positive rate at the nominal level of approximately 10%. A rare tumor is defined as one in which
the published spontaneous tumor rate is less than 1%. For multiple pairwise comparisons of treated group
with control the FDA guidance the suggested the use of test levels α=0.01 for common tumors and α=0.05
for rare tumors, in order to keep the false-positive rate at the nominal level of approximately 10% for both
submissions with two or one submission.
It should be noted that the FDA guidance for multiple testing for dose response relationship is based on a
publication by Lin and Rahman (1998). In this work the authors investigated the use of this rule for Peto
analysis. However, in a later work Lin and Rahman (2008) showed that this rule for multiple testing for dose
response relationship is also suitable for Poly-K tests.
Reviewer’s findings: Following tumor types showed p-values less than or equal to 0.05 either for dose
response relationship and/or pairwise comparisons of control and treated groups.
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Tumor Types with P-Values ≤ 0.05 for Dose Response Relationship or Pairwise Comparisons
Cont
Organ Name

Tumor Name

N=65

Low

Med

High

______________P_Values______________

N=65

N=65

N=65

Dose-Resp

C vs. L

C vs. M

C vs. H

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
Comparison with Vehicle control

Male

Female

LIVER

#M CARCINOMA, HEPATOCELLULAR

0

0

1

3

0.0146*

LYMPH NODE, MES

#M SARCOMA, UNDIFFERENTIATED

0

0

0

2

0.0495

.

.

0.2211

PANCREAS

ISLET CELL ADENOMA+CARCINOMA

2

4

6

8

0.0268

0.3615

0.1569

0.0396

#B HIBERNOMA, BENIGN

0

0

1

3

0.0236*

.

0.5319

0.1673

SOFT TISSUE- THO

.

0.5122

0.1062

Comparisons using the Saline control

Male

ADRENAL MEDULLA

#B PHEOCHROMOCYTOMA, BENIGN

3

4

4

7

0.0339

0.4366

0.4366

0.0710

LIVER

#M CARCINOMA, HEPATOCELLULAR

0

0

1

3

0.0126*

.

0.4773

0.0846

ADENOMA+CARCINOMA

1

4

1

5

0.0492

0.1472

0.7240

0.0561

LYMPH NODE, MES

#M SARCOMA, UNDIFFERENTIATED

0

0

0

2

0.0460

.

.

0.1897

SKIN

#B BASAL CELL TUMOR, BENIGN

0

0

1

2

0.0469

.

0.4773

0.1957

SYSTEMIC TUMORS

#M LYMPHOMA, MALIGNANT

1

1

3

5

0.0172

0.7301

0.2753

0.0688

BENIGN GRANNULAR CELL

0

3

6

5

0.1305

0.1574

0.0182*

0.0439*

#M ADENOCARCINOMA, MULTIPLE

1

3

6

8

0.0264

0.3791

0.0735

0.0318

0

0

1

3

0.0227*

.

0.5208

0.1574

HEPATOCELLULAR

Female

CERVIX+VAGINA

MAMMARY GLAND

SOFT TISSUE- THO #B HIBERNOMA, BENIGN

Based on the criteria of adjustment for multiple testing discussed above the incidences of hepatocellular
carcinoma in male rats and benign hibernoma in soft tissue-THO in female rats were considered to have
statistically significant positive dose response relationships using both of the controls. Pairwise comparisons
of treated groups with the saline control showed statistically significant increased combined incidence of
benign granular cell in cervix and vagina.

Reviewer’s comment: The sponsor’s tumor count showed 1, 4, 2, 6, and 6 number of female rats with benign granular cell
tumors in cervix and none in vagina in saline control, vehicle control, low, medium and high dose groups, respectively (Sponsor’s
Text Table 4); while this reviewer’s count showed 0, 3, 2, 4, and 2 number of female rats with benign granular cell tumors in
cervix; 0, 1, 1, 2 and 3 number of female rats with benign granular cell tumors in the vagina; and 0, 4, 3, 6, and 5 number of
female rats with benign granular cell tumors in cervix and vagina combined in saline control, vehicle control, low, medium and
high dose groups, respectively.

3. Mouse Study
Two separate experiments were conducted, one in male and one in female mice. In each of these two
experiments there were three treated groups, one vehicle control group, and one saline control group. Three
hundred and twenty five Crl:CD1(1CR) mice of each sex were randomly allocated to treated and control
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groups in equal size of 65 animals. The dose levels for both male and female treated groups were 3, 10 and 30
mg/kg/day. In this review these dose groups were referred to as the low, medium, and high dose group,
respectively. The vehicle control group received the vehicle [Vitamin E TPGS, MTC oil, Tween®40,
(b) (4)
ethanol,
by gavage.
Due to increased mortality test article administration to the 30 mg/kg/day group for at least 60 consecutive
weeks was followed by a non-dosing period through the day prior to the scheduled necropsy. Due to
decreased survival the males in 3 and 30 mg/kg/day groups were euthanized during study weeks 82 and 80,
respectively. Due to decreased survival in the vehicle control group, all surviving males were euthanized
during study weeks 88-89. Test article administration to the remaining toxicology groups was for at least 88
consecutive weeks.
The animals were observed twice daily, once in the morning and once in the afternoon, for mortality and
morbidity. All animals also received a clinical examination daily approximately 1 to 2 hours after dosing. All
significant findings were recorded. Detailed physical examinations were conducted on all animals weekly,
beginning at least 1 week prior to test article administration, and ending prior to the scheduled necropsy. All
animals were examined weekly for the presence of palpable masses. The time of onset, location, size,
appearance and progression of each mass were recorded throughout the study period. Body weights were
recorded weekly, beginning at least 1 week prior to the initiation of dose administration, through study week
14 and biweekly thereafter. Final body weights were recorded prior to each scheduled necropsy.
3.1.
3.1.1.

Sponsor's analyses

Survival analysis

Survival data from the mouse study were analyzed using the same statistical methodologies as were used to
analyze the survival data from the rat study.
Sponsor’s findings: The sponsor’s analysis showed that at the time of termination the survival rates in male
mice were 50.8%, 30.8%, 23.1%, 30.8%, and 23.1% in the saline control, vehicle control, low, medium, and
high dose groups, respectively, and those in female mice were 63.1%, 40.0%, 36.9%, 33.8%, and 30.8%.
The sponsor’s statistical analysis of survival showed that among males there was a statistically significant
dose-related decreasing trend in survival using both the saline and vehicle control groups. The pairwise
comparisons showed that the survival rates of the low and high dose groups were significantly lower than
both male control groups. In females, there was a statistically significant dose-related decreasing trend in
survival when compared with the saline control group. The pairwise comparisons showed that the survival
rates of the medium and high dose group females were significantly lower when compared with the saline
control group. The sponsor’s analysis further showed that among females there was a statistically significant
difference in survival rates between the saline and vehicle control groups.
3.1.2.

Tumor data analysis

Tumor data from the mouse study were also analyzed using the same statistical methodologies as the sponsor
used to analyze the tumor data from the rat study.
Sponsor’s findings: Sponsor’s analysis showed statistically significant trend in systemic lesions/malignant
lymphoma in both the males and females when compared with both the saline and vehicle control groups. In
this tumor type the pairwise comparisons showed statistically significant increased incidence in the male high
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dose group compared to the saline control group. Such statistical significance was not shown against the
vehicle control group. Also in systemic lesions/malignant lymphoma, pairwise comparison showed
statistically significant increased incidence in the female high dose group compared to the vehicle control
group. Such statistical significance in females was not shown against the saline control group. Since none of
the medium or low dose groups were positive in pairwise comparison in either sex against either control, the
sponsor concluded that the statistical significance of the trend tests was due to an increased incidence in the
high dose group only, and that there was no effect of low and medium doses on the incidence of lymphoma.
The sponsor pointed out that the control incidence data on mouse lymphoma in relevant databases indicate
that the incidence in the high-dose groups of the present study is within but near the high end of historical
controls. The (b) (4) historical control incidence for malignant lymphoma was 6.56% for males and 17.76% in
(b) (4)
females.
’ historical mean incidence of malignant lymphoma in CD-1 male mice is
4.5% (1.45% to 21.67%) and 9.93% (1.67% to 50.0%) for females.
The only other tumor type identified as having statistically significantly increased incidence from one or both
control groups was bronchiolar-alveolar adenoma of the lungs, and bronchiolar-alveolar adenoma combined
with bronchiolar-alveolar carcinoma in the female 10 mg/kg/day group. The sponsor concluded that in the
absence of a dose response and with incidences identical to those seen in the female saline control group,
these alterations could be considered as incidental and unrelated to the test article.
3.2.

Reviewer's analyses

This reviewer independently performed survival and tumor data analyses from the mouse study. For the mouse
survival and tumor incidence data analyses this reviewer used similar methodologies as he used to analyze the
data from the rat study. Data used in this reviewer's analyses were provided by the sponsor electronically.
3.2.1.

Survival analysis

The intercurrent mortality data are given in Tables 4A and 4B in the appendix for male and female mice,
respectively. The Kaplan-Meier curves for death rate are given in Figures 2A and 2B in the appendix for male
and female mice, respectively. Results for test of dose response relationship and homogeneity of survivals
among treatment groups are given in Tables 5A and 5B in the appendix for male and female mice, respectively.
Reviewer’s findings: This reviewer’s analysis showed 53.9%, 32.3%, 24.6%, and 33.9% survival in male
mice Saline Control, Vehicle Control, low, and medium dose groups before their sacrifice at Week 88. The
male high dose group had 24.6% survival before their sacrifice at Week 82. The female mice showed 63.1%,
41.5%, 38.5%, and 33.9% survival in Saline Control, Vehicle Control, low, and medium dose groups before
their sacrifice at Week 88. The female high dose group had 30.77% survival before their sacrifice at Week 82.
This reviewer’s analysis showed statistically significant dose response relationship in mortality across
treatment groups in both sexes using both of the control groups. In both sexes, pairwise comparisons
showed statistically significant increased mortality in all treated groups compared to the saline control. The
vehicle control also showed statistically significant increased mortality compared to the saline control.

Reviewer’s comment: The sponsor’s analysis showed 50.8%, 30.8%, 23.1%, 30.8%, and 23.1% survivals in the male
rats, and 63.1%, 40.0%, 36.9%, 33.8%, and 30.8% percent survival in the female saline control, vehicle control, low, medium
and high dose groups, respectively, while this reviewer’s analysis showed 53.9%, 32.3%, 24.6%, and 33.9%and 24.6%
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survival of male rats, and 63.08%, 41.54%, 38.46%, 33.85and 30.77% survival of female rats in Saline Control, Vehicle
Control, low, medium, and high dose groups, respectively. These differences are due to the fact that there were two animals
(#4317,#4558) in male saline control group, one animal (#4576) in male vehicle control group, one animals (#4473) in
male low dose group, two animals (#4689 and #4721) in male medium dose group, one animal (#4299) in male high dose
group, one animal (#4856) in female vehicle control group, and one animal (#4889) in female low dose group died naturally (or
got lost) during terminal sacrifice weeks. The sponsor did not count them with the terminally sacrificed animals, while this
reviewer counted them with the terminally sacrificed animals.
3.2.2.

Tumor data analysis

The incidence rates and the p-values of the tumor types tested for dose response relationship and pairwise
comparisons of control and treated groups are given in Tables 6A_VC and 6A_SA for males using the vehicle
control and saline control, respectively, and 6B_VC and 6B_SC for females using the vehicle control and saline
control, respectively in the appendix.
Reviewer’s findings: Following tumor types showed p-values less than or equal to 0.05 either for dose
response relationship or pairwise comparisons of control and treated groups.
Tumor Types with P-Values ≤ 0.05 for Dose Response Relationship or Pairwise Comparisons
Cont
Organ Name

Tumor Name

N=65

Low

Med

High

N=65

N=65

N=65

_______________P_Value_________________
Dose Resp

C vs.

L

C vs.

M

C vs. H

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
Using Vehicle Control

Male

SYSTEMIC LESIONS

#M LYMPHOMA, MALIGNANT

3

0

2

7

0.0010*

1.0000

0.7480

0.0221

Female

LUNGS

BRONCHIOL_ADENOMA+CARCINOMA

4

3

13

8

0.0232

0.7497

0.0108

0.0695

2

2

8

6

0.0239

0.6609

0.0389

0.0610

#M LYMPHOMA, MALIGNANT

3

7

2

13

<0.001*

0.1545

0.8127

0.0027*

#M HEMANGIOSARCOMA

4

0

2

5

0.0144

1.0000

0.7804

0.0963

#M LYMPHOMA, MALIGNANT

2

0

2

7

<0.001*

1.0000

0.5438

0.0046*

#M LYMPHOMA, MALIGNANT

8

7

2

13

0.0055

0.4267

0.9657

0.0157

1

1

5

2

0.1502

0.6455

0.0430

0.2791

#B ADENOMA, BRONCHIOLO-ALVEOLAR

SYSTEMIC LESIONS

Using Saline Control

Male

Female

SYSTEMIC LESIONS

SYSTEMIC LESIONS

UTERUS

#B POLYP, ENDOMETRIAL STROMAL

Based on the multiple testing adjustment procedure discussed in the rat data analysis section, the incidences
of malignant lymphoma in systemic lesions in both sexes were considered to have statistically significant
positive dose response relationships using the vehicle control. This tumor type also showed statistically
significant positive dose response relationship in male mice and very marginally non-significant (p=0.0055
.0.005) in female mice using the saline control. The pairwise comparisons showed statistically significant
increased incidence of malignant lymphoma in systemic lesion in the female high dose group compared to
the vehicle control and in male high dose group compared to he saline control.

4.

Summary

In this submission the sponsor included reports of two animal carcinogenicity studies, one in rats and one in
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mice. These studies were intended to assess the carcinogenic potential of ISA247 rats and mice when
administered orally by gavage once daily at appropriate drug levels for about 104 weeks.
In this review the phrase "dose response relationship" refers to the linear component of the effect of treatment,
and not necessarily to a strictly increasing or decreasing mortality or tumor incidence rate as dose increases.
Rat Study: Two separate experiments were conducted, one in males and one in females. In each of these two
experiments there were three treated groups, one vehicle control group, and one saline control group. Three
hundred and twenty five Crl:CD(SD) rats of each sex were randomly allocated to treated and control groups
in equal size of 65 animals. The dose levels for male treated groups were 0.05, 0.25 and 1.25 mg/kg/day, and
those for female treated groups were 0.1, 0.5 and 2.5 mg/kg/day. In this review these dose groups were
referred to as the low, medium, and high dose group, respectively. The vehicle control group received the
(b) (4)
by gavage.
vehicle [Vitamin E TPGS, MTC oil, Tween®40, ethanol,
Even though this study was designed to continue for 104 weeks, but due to decreased survival in the vehicle
control group (Group 2) males, all males were euthanized during study weeks 95-96 and all females were
euthanized during study weeks 95-97.
Tests did not show any statistically significant dose response relationship in mortality across treatment groups
in male or female rats using either of the control groups. Pairwise comparisons showed statistically significant
increased mortality in the male high dose group compared to the saline control.
Tests showed statistically significant positive dose response relationships in the incidences of hepatocellular
carcinoma in male rats and benign hibernoma in soft tissue-THO in female rats using both of the controls.
Pairwise comparisons of treated groups with the saline control showed statistically significant increased
combined incidence of benign granular cell in cervix and vagina.
Mouse Study: Two separate experiments were conducted, one in male and one in female mice. In each of
these two experiments there were three treated groups, one vehicle control group, and one saline control
group. Three hundred and twenty five Crl:CD1(1CR) mice of each sex were randomly allocated to treated
and control groups in equal size of 65 animals. The dose levels for both male and female treated groups were
3, 10 and 30 mg/kg/day. In this review these dose groups were referred to as the low, medium, and high
dose group, respectively. The vehicle control group received the vehicle [Vitamin E TPGS, MTC oil,
(b) (4)
by gavage.
Tween®40, ethanol,
Due to increased mortality, test article administration to the 30 mg/kg/day group for at least 60 consecutive
weeks was followed by a non-dosing period through the day prior to the scheduled necropsy. Due to
decreased survival the males in 3 and 30 mg/kg/day groups were euthanized during study weeks 82 and 80,
respectively. Due to decreased survival in the vehicle control group (Group 2), all surviving males were
euthanized during study weeks 88-89. Test article administration to the remaining toxicology groups was for
at least 88 consecutive weeks.
Tests showed statistically significant dose response relationship in mortality across treatment groups in both
sexes using both of the control groups. In both sexes, pairwise comparisons showed statistically significant
increased mortality in all treated groups compared to the saline control. The vehicle control also showed
statistically significant increased mortality compared to the saline control.
Tests showed statistically significant positive dose response relationships in the incidences of malignant
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lymphoma in systemic lesions in both sexes using the vehicle control. This tumor type also showed
statistically significant positive dose response relationship in male mice and very marginally non-significant in
female mice using the saline control. The pairwise comparisons showed statistically significant increased
incidence of malignant lymphoma in systemic lesion in the female high dose group compared to the vehicle
control and in male high dose group compared to he saline control.
Mohammad Atiar Rahman, Ph.D.
Mathematical Statistician
Concur: Karl Lin, Ph.D.
Team Leader, Biometrics-6
cc:
Archival
Dr. Rivera
Mr. Puglisi
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5. Appendix
Table 1A: Intercurrent Mortality Rate
Male Rats

Week

Saline Control

Vehicle Control

0.05mg|kg|day

0.25mg|kg|day

1.25mg|kg|day

No. of

No. of

No. of

No. of

No. of

Death

Cum. %

Death

Cum. %

Death

Cum. %

Death

Cum. %

Death

Cum. %

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

0 - 52

5

7.69

14

21.54

6

9.23

10

15.38

16

24.62

53 - 78

11

24.62

8

33.85

20

40.00

13

35.38

16

49.23

79 - 91

19

53.85

17

60.00

12

58.46

12

53.85

8

61.54

92 - 96

3

58.46

6

69.23

8

70.77

8

66.15

7

72.31

27

41.54

20

30.77

19

29.23

22

33.85

18

27.69

Ter. Sac.

Table 1B: Intercurrent Mortality Rate
Female Rats

Saline Cont.
No. of
Week

Death

Vehicle Cont.
No. of

Cum. %

Death

Cum. %

0.1 mg/kg/day

0.5 mg/kg/day

2.5 mg/kg/day

No. of

No. of

No. of

Death

Cum. %

Death

Cum. %

Death

Cum. %

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
0 - 52

2

3.08

4

6.15

3

4.62

6

9.23

7

10.77

53 - 78

24

40.00

17

32.31

12

23.08

9

23.08

11

27.69

79 - 91

14

61.54

21

64.62

12

41.54

19

52.31

12

46.15

92 - 97

2

64.62

2

67.69

8

53.85

8

64.62

4

52.31

23

35.38

21

32.31

30

46.15

23

35.38

31

47.69

Ter. Sac.

Table 2A: Intercurrent Mortality Comparison
Male Rats
Test

Statistic

P_Value using

P_Value using

Vehicle control

Saline control

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
Dose-Response

Likelihood Ratio

0.2875

0.0720

Homogeneity

Log-Rank

0.6640

0.1827

Table 2B: Intercurrent Mortality Comparison
Female Rats
Test

Statistic

P_Value using

P_Value using

Vehicle control

Saline control

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

Reference ID: 4737856

Dose-Response

Likelihood Ratio

0.3601

0.3878

Homogeneity

Log-Rank

0.1934

0.2278
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Table 3A_VC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using the Vehicle Control
Male Rats

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dose

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

ADRENAL CORTEX

#B ADENOMA

1

0

1

0

0.7389

1.0000

0.7651

1.0000

ADRENAL MEDULLA

#B PHEOCHROMOCYTOMA, BENIGN

4

4

4

7

0.0706

0.6712

0.6712

0.2001

#B PHEOCHROMOCYTOMA, BENIGN, MULTIP

0

2

1

2

0.1732

0.2593

0.5122

0.2276

#M PHEOCHROMOCYTOMA, MALIGNANT

1

0

0

0

1.0000

1.0000

1.0000

1.0000

BONE

#B OSTEOMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

BRAIN

#B GRANULAR CELL TUMOR, BENIGN

1

0

2

0

0.6611

1.0000

0.5274

1.0000

#B MENINGIOMA, BENIGN

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M ASTROCYTOMA, MALIGNANT

1

2

0

0

0.9364

0.5185

1.0000

1.0000

#M CARCINOMA

0

1

0

0

0.7500

0.5122

.

.

#M FIBROSARCOMA

0

0

1

0

0.4875

.

0.5122

.

#M LEIOMYOSARCOMA

0

0

1

0

0.4875

.

0.5122

.

GINGIVA

#B ADENOMA, SEBACEOUS CELL

0

0

1

0

0.4875

.

0.5122

.

HEART

#B SCHWANNOMA, ENDOCARDIAL, BENIGN

0

1

0

0

0.7500

0.5122

.

.

#B SCHWANNOMA, INTRAMURAL, BENIGN

0

0

1

0

0.4907

.

0.5181

.

ILEUM

#M LEIOMYOSARCOMA

1

0

1

0

0.7389

1.0000

0.7651

1.0000

KIDNEYS

#M LIPOSARCOMA

1

0

0

1

0.4005

1.0000

1.0000

0.7263

#M RENAL MESENCHYMAL TUMOR, MALIGNA

0

0

0

1

0.2298

.

.

0.4805

#B ADENOMA, HEPATOCELLULAR

1

4

0

3

0.2399

0.1953

1.0000

0.2685

#M CARCINOMA, HEPATOCELLULAR

0

0

1

3

0.0146*

.

0.5122

0.1062

#M SARCOMA, UNDIFFERENTIATED

0

0

1

0

0.4875

.

0.5122

.

HEPATOCELL_ADENOMA+CARCINOMA

1

4

1

5

0.0609

0.1953

0.7651

0.0833

#B ADENOMA, BRONCHIOLO-ALVEOLAR

0

0

1

0

0.4875

.

0.5122

.

#M CARCINOMA, BRONCHIOLO-ALVEOLAR

0

1

0

0

0.7500

0.5122

.

.

#B LYMPHANGIOMA

1

2

0

0

0.9364

0.5185

1.0000

1.0000

#M SARCOMA, UNDIFFERENTIATED

0

0

0

2

0.0495

.

.

0.2211

MAMMARY GLAND

#M ADENOCARCINOMA

0

0

1

0

0.4875

.

0.5122

.

MESENTERY

#M SARCOMA, UNDIFFERENTIATED

0

1

0

0

0.7516

0.5181

.

.

NASAL LEVEL I

#B ADENOMA

0

1

0

0

0.7500

0.5122

.

.

NASAL LEVEL III

#B ADENOMA

0

0

0

1

0.2250

.

.

0.4737

ORAL CAVITY

#M FIBROSARCOMA

0

0

0

1

0.2250

.

.

0.4737

PANCREAS

#B ADENOMA, ACINAR CELL

0

2

1

0

0.7136

0.2593

0.5122

.

#B ADENOMA, ISLET CELL

1

1

1

3

0.0971

0.7651

0.7651

0.2883

#M CARCINOMA, ISLET CELL

1

3

5

5

0.0864

0.3265

0.1122

0.0889

DUODENUM

LIVER

LUNGS

LYMPH NODE, MES

Reference ID: 4737856

(b) (4)
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Table 3A_VC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using the Vehicle Control
Male Rats

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dose

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

PANCREAS

ISLET CELL ADENOMA+CARCINOMA

2

4

6

8

0.0268

0.3615

0.1569

0.0396

PARATHYROIDS

#B ADENOMA

1

2

0

1

0.5848

0.5185

1.0000

0.7263

PITUITARY

#B ADENOMA, PARS DISTALIS

30

36

22

30

0.4072

0.3094

0.9513

0.4737

#B ADENOMA, PARS INTERMEDIA

4

0

0

1

0.7351

1.0000

1.0000

0.9667

PROSTATE

#M ADENOCARCINOMA

0

1

1

0

0.6068

0.5122

0.5122

.

SEMINAL VESICLES

#B ADENOMA

0

0

0

1

0.2250

.

.

0.4737

SKIN

#B ADENOMA, SEBACEOUS CELL

0

0

0

1

0.2250

.

.

0.4737

#B BASAL CELL TUMOR, BENIGN

2

0

1

2

0.2545

1.0000

0.8884

0.6623

#B FIBROMA

2

0

0

1

0.5371

1.0000

1.0000

0.8595

#B FIBROMA, MULTIPLE

0

0

0

1

0.2250

.

.

0.4737

#B KERATOACANTHOMA, BENIGN

2

4

3

3

0.4077

0.3615

0.5234

0.4625

#B KERATOACANTHOMA, BENIGN, MULTIPL

1

0

1

0

0.7389

1.0000

0.7651

1.0000

#B LIPOMA

1

0

0

1

0.4005

1.0000

1.0000

0.7263

#B PILOMATRICOMA

0

0

1

1

0.1684

.

0.5122

0.4737

#B TRICHOEPITHELIOMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M CARCINOMA, SEBACEOUS CELL

0

1

0

0

0.7500

0.5122

.

.

#M CARCINOMA, SQUAMOUS CELL

0

1

0

0

0.7516

0.5181

.

.

#M FIBROSARCOMA

0

1

0

0

0.7500

0.5122

.

.

#M HIBERNOMA, MALIGNANT

0

0

1

0

0.4875

.

0.5122

.

#M MYXOSARCOMA

0

0

0

1

0.2298

.

.

0.4805

#M SARCOMA, UNDIFFERENTIATED

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#B HIBERNOMA, BENIGN

0

0

3

0

0.5542

.

0.1296

.

#M HIBERNOMA, MALIGNANT

0

0

1

0

0.4875

.

0.5122

.

#M CARCINOMA, SQUAMOUS CELL

0

0

1

0

0.4875

.

0.5122

.

#M SARCOMA, UNDIFFERENTIATED

0

0

0

1

0.2250

.

.

0.4737

#B HEMANGIOMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#B MESOTHELIOMA, BENIGN

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M FIBROUS HISTIOCYTOMA, MALIGNANT

0

0

0

1

0.2298

.

.

0.4805

#M HEMANGIOSARCOMA

0

0

0

1

0.2298

.

.

0.4805

#M LYMPHOMA, MALIGNANT

3

1

3

5

0.0749

0.9447

0.6733

0.3288

#M SARCOMA, HISTIOCYTIC

2

1

3

1

0.5982

0.8884

0.5347

0.8595

SOFT TISSUE- THO

STOMACH, NON

SYSTEMIC TUMORS

TESTES

#B ADENOMA, INTERSTITIAL CELL

0

1

1

0

0.6068

0.5122

0.5122

.

#B ADENOMA, INTERSTITIAL CELL, MULT

0

1

0

0

0.7500

0.5122

.

.

THYMUS

#M ADENOCARCINOMA; UNKNOWN

0

0

0

1

0.2298

.

.

0.4805

THYROID GLANDS

#B ADENOMA, C-CELL

3

2

4

0

0.9363

0.8352

0.5277

1.0000

#B ADENOMA, FOLLICULAR CELL

2

0

0

0

1.0000

1.0000

1.0000

1.0000

#M CARCINOMA, C-CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M CARCINOMA, FOLLICULAR CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M CARCINOMA

0

2

0

1

0.4102

0.2654

.

0.4805

ZYMBAL'S GLANDS

Reference ID: 4737856

(b) (4)
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Table 3A_SC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using the Saline Control
Male Rats

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dose

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

ADRENAL CORTEX

#B ADENOMA

1

0

1

0

0.7205

1.0000

0.7296

1.0000

ADRENAL MEDULLA

#B PHEOCHROMOCYTOMA, BENIGN

3

4

4

7

0.0339

0.4366

0.4366

0.0710

#B PHEOCHROMOCYTOMA, BENIGN, MULTIP

3

2

1

2

0.5110

0.7826

0.9269

0.7365

#B GRANULAR CELL TUMOR, BENIGN

1

0

2

0

0.6368

1.0000

0.4663

1.0000

#M ASTROCYTOMA, MALIGNANT

1

2

0

0

0.9217

0.4655

1.0000

1.0000

#M CARCINOMA

0

1

0

0

0.7229

0.4773

.

.

#M FIBROSARCOMA

0

0

1

0

0.4699

.

0.4773

.

#M LEIOMYOSARCOMA

0

0

1

0

0.4699

.

0.4773

.

GINGIVA

#B ADENOMA, SEBACEOUS CELL

0

0

1

0

0.4699

.

0.4773

.

HEART

#B SCHWANNOMA, ENDOCARDIAL, BENIGN

0

1

0

0

0.7229

0.4773

.

.

#B SCHWANNOMA, INTRAMURAL, BENIGN

0

0

1

0

0.4731

.

0.4831

.

ILEUM

#M LEIOMYOSARCOMA

0

0

1

0

0.4699

.

0.4773

.

JEJUNUM

#M LEIOMYOSARCOMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

KIDNEYS

#M CARCINOMA, RENAL TUBULE

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M CARCINOMA, TRANSITIONAL CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M LIPOSARCOMA

0

0

0

1

0.2169

.

.

0.4390

#M RENAL MESENCHYMAL TUMOR, MALIGNA

0

0

0

1

0.2216

.

.

0.4458

#B ADENOMA, HEPATOCELLULAR

1

4

0

3

0.2150

0.1472

1.0000

0.2147

#M CARCINOMA, HEPATOCELLULAR

0

0

1

3

0.0126*

.

0.4773

0.0846

#M SARCOMA, UNDIFFERENTIATED

0

0

1

0

0.4699

.

0.4773

.

HEPATOCELL_ADENOMA+CARCINOMA

1

4

1

5

0.0492

0.1472

0.7240

0.0561

#B ADENOMA, BRONCHIOLO-ALVEOLAR

1

0

1

0

0.7205

1.0000

0.7296

1.0000

#M CARCINOMA, BRONCHIOLO-ALVEOLAR

0

1

0

0

0.7229

0.4773

.

.

#B LYMPHANGIOMA

0

2

0

0

0.7834

0.2249

.

.

#M SARCOMA, UNDIFFERENTIATED

0

0

0

2

0.0460

.

.

0.1897

MAMMARY GLAND

#M ADENOCARCINOMA

0

0

1

0

0.4699

.

0.4773

.

MESENTERY

#M SARCOMA, UNDIFFERENTIATED

0

1

0

0

0.7246

0.4831

.

.

NASAL LEVEL I

#B ADENOMA

0

1

0

0

0.7229

0.4773

.

.

NASAL LEVEL III

#B ADENOMA

0

0

0

1

0.2169

.

.

0.4390

ORAL CAVITY

#M FIBROSARCOMA

1

0

0

1

0.3857

1.0000

1.0000

0.6823

PANCREAS

#B ADENOMA, ACINAR CELL

1

2

1

0

0.8391

0.4574

0.7240

1.0000

#B ADENOMA, ISLET CELL

5

1

1

3

0.3816

0.9803

0.9803

0.7776

#M CARCINOMA, ISLET CELL

2

3

5

5

0.1008

0.4362

0.1657

0.1324

ISLET_CELL_ADENOMA+CARCINOMA

7

4

6

8

0.1161

0.8453

0.6329

0.3119

#B ADENOMA

2

2

0

1

0.6812

0.6566

1.0000

0.8286

BRAIN

DUODENUM

LIVER

LUNGS

LYMPH NODE, MES

PARATHYROIDS

Reference ID: 4737856

(b) (4)

ISA247

Page 17 of 32

Table 3A_SC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using the Saline Control
Male Rats

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

Cont

Low

Med

High

Dose

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

P_Value

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

PITUITARY

#B ADENOMA, PARS DISTALIS

33

36

22

30

0.4021

0.2882

0.9507

0.4543

#B ADENOMA, PARS INTERMEDIA

0

0

0

1

0.2216

.

.

0.4458

PREPUTIAL GL

#B PAPILLOMA, SQUAMOUS CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

PROSTATE

#M ADENOCARCINOMA

2

1

1

0

0.9027

0.8617

0.8617

1.0000

SEMINAL VESICLES

#B ADENOMA

0

0

0

1

0.2169

.

.

0.4390

SKIN

#B ADENOMA, SEBACEOUS CELL

0

0

0

1

0.2169

.

.

0.4390

#B BASAL CELL TUMOR, BENIGN

0

0

1

2

0.0469

.

0.4773

0.1957

#B FIBROMA

3

0

0

1

0.6251

1.0000

1.0000

0.9029

#B FIBROMA, MULTIPLE

0

0

0

1

0.2169

.

.

0.4390

#B KERATOACANTHOMA, BENIGN

6

4

3

3

0.6883

0.7925

0.8919

0.8509
.

0

0

1

0

0.4699

.

0.4773

#B LIPOMA

0

0

0

1

0.2169

.

.

0.4390

#B PILOMATRICOMA

0

0

1

1

0.1564

.

0.4773

0.4390

#M CARCINOMA, SEBACEOUS CELL

0

1

0

0

0.7229

0.4773

.

.

#M CARCINOMA, SQUAMOUS CELL

1

1

0

0

0.9229

0.7301

1.0000

1.0000

#M FIBROSARCOMA

1

1

0

0

0.9220

0.7240

1.0000

1.0000

#M HIBERNOMA, MALIGNANT

0

0

1

0

0.4699

.

0.4773

.

#M MYXOSARCOMA

1

0

0

1

0.3930

1.0000

1.0000

0.6899

SOFT TISSUE- ABD

#M SCHWANNOMA, MALIGNANT

1

0

0

0

1.0000

1.0000

1.0000

1.0000

SOFT TISSUE- THO

#B HIBERNOMA, BENIGN

0

0

3

0

0.5375

.

0.1046

.

#M HIBERNOMA, MALIGNANT

2

0

1

0

0.8510

1.0000

0.8572

1.0000

SOFT TISSUE-ORAL

#M CARCINOMA, SQUAMOUS CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

STOMACH, NON

#M CARCINOMA, SQUAMOUS CELL

0

0

1

0

0.4699

.

0.4773

.

#M SARCOMA, UNDIFFERENTIATED

0

0

0

1

0.2169

.

.

0.4390

#M FIBROUS HISTIOCYTOMA, MALIGNANT

0

0

0

1

0.2216

.

.

0.4458

#M HEMANGIOSARCOMA

0

0

0

1

0.2216

.

.

0.4458

#M LYMPHOMA, MALIGNANT

1

1

3

5

0.0172

0.7301

0.2753

0.0688

#M SARCOMA, HISTIOCYTIC

3

1

3

1

0.6676

0.9269

0.6181

0.9029

SYSTEMIC TUMORS

TESTES

THYMUS

THYROID GLANDS

THYROID GLANDS

ZYMBAL'S GLANDS

Reference ID: 4737856

#B KERATOACANTHOMA, BENIGN, MULTIPL

#B ADENOMA, INTERSTITIAL CELL

1

1

1

0

0.7954

0.7296

0.7296

1.0000

#B ADENOMA, INTERSTITIAL CELL, MULT

0

1

0

0

0.7229

0.4773

.

.

#B THYMOMA, BENIGN

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M ADENOCARCINOMA; UNKNOWN

0

0

0

1

0.2216

.

.

0.4458

#B ADENOMA, C-CELL

5

2

4

0

0.9673

0.9254

0.6980

1.0000

#B ADENOMA, FOLLICULAR CELL

2

0

0

0

1.0000

1.0000

1.0000

1.0000

#M CARCINOMA, C-CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M CARCINOMA

0

2

0

1

0.3847

0.2306

.

0.4458

(b) (4)
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Table 3B_VC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using the Vehicle Control
Female Rats

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dose

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

ADIPOSE TISSUE

#B LIPOMA

0

0

1

0

0.5123

.

ADRENAL CORTEX

#B ADENOMA

2

2

2

1

0.7605

0.7689

0.7373

0.9095

#M CARCINOMA

0

0

2

0

0.5220

.

0.2803

.

ADRENAL MEDULLA

#B PHEOCHROMOCYTOMA, BENIGN

0

1

2

0

0.6700

0.5556

0.2803

.

BRAIN

#M ASTROCYTOMA, MALIGNANT

0

1

1

0

0.6573

0.5556

0.5368

.

CERVIX

#B FIBROMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#B GRANULAR CELL TUMOR, BENIGN

3

2

4

2

0.6719

0.8749

0.5703

0.8704

CERVIX+VAGINA

BENIGN GRANNULAR CELL

4

3

6

5

0.3859

0.8558

0.4527

0.6265

CLITORAL GL

#M CARCINOMA

0

1

0

0

0.7833

0.5556

.

.

DUODENUM

#B LEIOMYOMA

0

1

0

0

0.7833

0.5556

.

.

EARS

#M MELANOMA, MALIGNANT

1

0

0

0

1.0000

1.0000

1.0000

1.0000

JEJUNUM

#B FIBROMA

0

1

0

0

0.7833

0.5556

.

.

#M LEIOMYOSARCOMA

0

0

1

0

0.5123

.

0.5319

.

#B ADENOMA, RENAL TUBULE

0

1

0

0

0.7833

0.5556

.

.

#B LIPOMA

0

0

2

1

0.2214

.

0.2803

0.5510

#M RENAL MESENCHYMAL TUMOR, MALIGNA

0

1

0

0

0.7833

0.5556

.

.

LIVER

HEPATOCELL_ADENOMA+CARCINOMA

1

4

1

5

0.1116

0.2501

0.7829

0.1556

MAMMARY GLAND

#B ADENOLIPOMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#B ADENOMA

1

0

3

2

0.2232

1.0000

0.3573

0.5687

#B ADENOMA, MULTIPLE

0

1

0

0

0.7833

0.5556

.

.

#B FIBROADENOMA

16

19

19

15

0.8021

0.6527

0.4781

0.8271

#B FIBROADENOMA, MULTIPLE

4

5

6

3

0.7977

0.6265

0.4527

0.8500

#M ADENOCARCINOMA

9

14

14

5

0.9849

0.3340

0.2658

0.9573

#M ADENOCARCINOMA, MULTIPLE

3

3

6

8

0.0667

0.7512

0.3100

0.1850

#B GRANULOSA CELL TUMOR, BENIGN

0

1

1

1

0.3295

0.5556

0.5319

0.5510

#B GRANULOSA CELL TUMOR, BENIGN, MU

0

1

0

1

0.3463

0.5556

.

0.5510

#B THECOMA, BENIGN

0

0

0

1

0.2660

.

.

0.5510

#B ADENOMA, ISLET CELL

0

2

1

1

0.4576

0.3061

0.5368

0.5510

#M CARCINOMA, ISLET CELL

2

2

0

1

0.7710

0.7630

1.0000

0.9095

ISLET_CELL_ADENOMA+CARCINOMA

2

4

6

8

0.0675

0.4389

0.1863

0.0978

#B ADENOMA, PARS DISTALIS

58

52

59

57

0.7076

0.9811

0.7166

0.9373

#M CARCINOMA, PARS DISTALIS

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#B BASAL CELL TUMOR, BENIGN

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#B FIBROMA

1

3

0

1

0.7460

0.3972

1.0000

0.8010

KIDNEYS

OVARIES

PANCREAS

PITUITARY

SKIN

Reference ID: 4737856

0.5319

.

(b) (4)
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Table 3B_VC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using the Vehicle Control
Female Rats

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dose

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

SKIN

#B KERATOACANTHOMA, BENIGN

0

1

0

0

0.7833

0.5556

.

.

#B LIPOMA

0

0

0

2

0.0698

.

.

0.3011

#B PAPILLOMA, SQUAMOUS CELL

1

0

0

1

0.4603

1.0000

1.0000

0.7959

#B PILOMATRICOMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M ADENOCARCINOMA

0

0

1

0

0.5147

.

0.5368

.

#M BASAL CELL TUMOR, MALIGNANT

0

1

0

0

0.7833

0.5556

.

.

#M FIBROSARCOMA

0

1

1

0

0.6561

0.5556

0.5319

.

#M SARCOMA, UNDIFFERENTIATED

1

0

0

0

1.0000

1.0000

1.0000

1.0000

SOFT TISSUE- ABD

#M SCHWANNOMA, MALIGNANT, MULTIPLE

1

0

0

0

1.0000

1.0000

1.0000

1.0000

SOFT TISSUE- THO

#B HIBERNOMA, BENIGN

0

0

1

3

0.0236*

.

0.5319

0.1673

#M HIBERNOMA, MALIGNANT

0

1

0

0

0.7833

0.5556

.

.

#B HEMANGIOMA

0

3

0

0

0.9049

0.1673

.

.

#M LYMPHOMA, MALIGNANT

2

0

1

1

0.5862

1.0000

0.8975

0.9095

#M SARCOMA, HISTIOCYTIC

2

2

0

0

0.9867

0.7630

1.0000

1.0000

#B THYMOMA, BENIGN

0

1

0

0

0.7833

0.5556

.

.

#M THYMOMA, MALIGNANT

0

1

0

0

0.7833

0.5556

.

.

#B ADENOMA, C-CELL

4

4

2

7

0.1148

0.7482

0.9240

0.3775

#B ADENOMA, C-CELL, MULTIPLE

0

0

0

1

0.2660

.

.

0.5510

#B ADENOMA, FOLLICULAR CELL

0

1

1

1

0.3295

0.5556

0.5319

0.5510

#M CARCINOMA, C-CELL

2

0

1

2

0.3192

1.0000

0.9012

0.7644

#M CARCINOMA, FOLLICULAR CELL

0

1

0

0

0.7833

0.5556

.

.

URINARY BLADDER

#B LEIOMYOMA

0

0

0

1

0.2660

.

.

0.5510

UTERUS

#B POLYP, ENDOMETRIAL STROMAL

3

5

3

2

0.8379

0.4751

0.7191

0.8704

#M CARCINOMA

0

0

0

1

0.2660

.

.

0.5510

#B GRANULAR CELL TUMOR, BENIGN

1

1

2

3

0.1506

0.8050

0.5483

0.3897

#M SCHWANNOMA, MALIGNANT

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#B ADENOMA

0

0

0

1

0.2660

.

.

0.5510

#M CARCINOMA

0

0

0

1

0.2660

.

.

0.5510

SYSTEMIC TUMORS

THYMUS

THYROID GLANDS

VAGINA

ZYMBAL'S GLANDS

Reference ID: 4737856

(b) (4)
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Table 3B_SC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using the Saline Control
Female Rats

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dose

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

ADIPOSE TISSUE

#B LIPOMA

0

0

1

0

0.5073

.

ADRENAL CORTEX

#B ADENOMA

0

2

2

1

0.4680

0.2990

0.2738

0.5400

#M CARCINOMA

0

0

2

0

0.5170

.

0.2686

.

#B PHEOCHROMOCYTOMA, BENIGN

0

1

2

0

0.6639

0.5446

0.2686

.

#B PHEOCHROMOCYTOMA, COMPLEX, BENIG

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#B GRANULAR CELL TUMOR, BENIGN

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M ASTROCYTOMA, MALIGNANT

2

1

1

0

0.9333

0.9089

0.8970

1.0000

#B GRANULAR CELL TUMOR, BENIGN

0

2

4

2

0.3636

0.2941

0.0721

0.2891

CERVIX+VAGINA

BENIGN_GRANNULAR_CELL

0

3

6

5

0.1305

0.1574

0.0182*

0.0439*

CLITORAL GL

#M CARCINOMA

0

1

0

0

0.7756

0.5446

.

.

DUODENUM

#B LEIOMYOMA

0

1

0

0

0.7756

0.5446

.

.

ILEUM

#M CARCINOMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

JEJUNUM

#B FIBROMA

0

1

0

0

0.7756

0.5446

.

.

#M FIBROSARCOMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M LEIOMYOSARCOMA

0

0

1

0

0.5073

.

0.5208

.

#B ADENOMA, RENAL TUBULE

1

1

0

0

0.9505

0.7950

1.0000

1.0000

#B LIPOMA

0

0

2

1

0.2170

.

0.2686

0.5400

#M RENAL MESENCHYMAL TUMOR, MALIGNA

0

1

0

0

0.7756

0.5446

.

.

#B ADENOMA, HEPATOCELLULAR

1

0

0

0

1.0000

1.0000

1.0000

1.0000

HEPATOCELL_ADENOMA+CARCINOMA

1

4

1

5

0.1091

0.2420

0.7777

0.1491

#B ADENOMA

2

0

3

2

0.3305

1.0000

0.5390

0.7419

#B ADENOMA, MULTIPLE

2

1

0

0

0.9887

0.9056

1.0000

1.0000

#B FIBROADENOMA

18

19

19

15

0.8314

0.7280

0.5580

0.8773

#B FIBROADENOMA, MULTIPLE

7

5

6

3

0.9085

0.8877

0.7745

0.9725

#B PAPILLOMA, SQUAMOUS CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M ADENOCARCINOMA

9

14

14

5

0.9838

0.3142

0.2480

0.9532

#M ADENOCARCINOMA, MULTIPLE

1

3

6

8

0.0264

0.3791

0.0735

0.0318

#B GRANULOSA CELL TUMOR, BENIGN

0

1

1

1

0.3220

0.5446

0.5208

0.5400

#B GRANULOSA CELL TUMOR, BENIGN, MU

0

1

0

1

0.3396

0.5446

.

0.5400

#B THECOMA, BENIGN

0

0

0

1

0.2634

.

.

0.5400

#B ADENOMA, ISLET CELL

2

2

1

1

0.7716

0.7555

0.8970

0.9061

#M CARCINOMA, ISLET CELL

1

2

0

1

0.6542

0.5673

1.0000

0.7909

ISLET_CELL_ADENOMA+CARCINOMA

7

4

6

8

0.2774

0.9360

0.7731

0.6419

#B ADENOMA, PARS DISTALIS

59

52

59

57

0.5301

0.8652

0.3255

0.7015

#B ADENOMA, PARS INTERMEDIA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

ADRENAL MEDULLA

BRAIN

CERVIX

KIDNEYS

LIVER

MAMMARY GLAND

OVARIES

PANCREAS

PITUITARY

Reference ID: 4737856

0.5208

.
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Table 3B_SC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using the Saline Control
Female Rats

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dos

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

SKIN

#B FIBROMA

1

3

0

1

0.7393

0.3791

1.0000

0.7909

#B KERATOACANTHOMA, BENIGN

1

1

0

0

0.9505

0.7950

1.0000

1.0000

#B LIPOMA

0

0

0

2

0.0684

.

.

0.2891

#B PAPILLOMA, SQUAMOUS CELL

0

0

0

1

0.2634

.

.

0.5400

#M ADENOCARCINOMA

0

0

1

0

0.5097

.

0.5258

.

#M BASAL CELL TUMOR, MALIGNANT

0

1

0

0

0.7756

0.5446

.

.

#M FIBROSARCOMA

0

1

1

0

0.6485

0.5446

0.5208

.

#B HIBERNOMA, BENIGN

0

0

1

3

0.0227*

.

0.5208

0.1574

#M HIBERNOMA, MALIGNANT

1

1

0

0

0.9505

0.7950

1.0000

1.0000

STOMACH, NON

#M CARCINOMA, SQUAMOUS CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

SYSTEMIC TUMORS

#B HEMANGIOMA

0

3

0

0

0.9008

0.1574

.

.

#M LYMPHOMA, MALIGNANT

1

0

1

1

0.4097

1.0000

0.7730

0.7909

#M SARCOMA, HISTIOCYTIC

1

2

0

0

0.9490

0.5673

1.0000

1.0000

TAIL

#M CHORDOMA, MALIGNANT

1

0

0

0

1.0000

1.0000

1.0000

1.0000

THYMUS

#B THYMOMA, BENIGN

0

1

0

0

0.7756

0.5446

.

.

#M THYMOMA, MALIGNANT

0

1

0

0

0.7756

0.5446

.

.

#B ADENOMA, C-CELL

4

4

2

7

0.1118

0.7374

0.9198

0.3629

#B ADENOMA, C-CELL, MULTIPLE

1

0

0

1

0.4584

1.0000

1.0000

0.7909

#B ADENOMA, FOLLICULAR CELL

1

1

1

1

0.5437

0.7950

0.7730

0.7909

#M CARCINOMA, C-CELL

2

0

1

2

0.3127

1.0000

0.8938

0.7493

#M CARCINOMA, FOLLICULAR CELL

1

1

0

0

0.9505

0.7950

1.0000

1.0000

#B LEIOMYOMA

0

0

0

1

0.2634

.

.

0.5400

#B PAPILLOMA, TRANSITIONAL CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#B POLYP, ENDOMETRIAL STROMAL

3

5

3

2

0.8338

0.4620

0.7092

0.8647

#M CARCINOMA

0

0

0

1

0.2634

.

.

0.5400

#M SARCOMA, STROMAL CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

VAGINA

#B GRANULAR CELL TUMOR, BENIGN

0

1

2

3

0.0652

0.5446

0.2686

0.1534

ZYMBAL'S GLANDS

#B ADENOMA

0

0

0

1

0.2634

.

.

0.5400

#M CARCINOMA

0

0

0

1

0.2634

.

.

0.5400

SOFT TISSUE- THO

THYROID GLANDS

URINARY BLADDER

UTERUS

Reference ID: 4737856

(b) (4)
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Table 4A: Intercurrent Mortality Rate in
Male Mice
Saline Cont.
No. of

Week

Death

Vehicle Cont.
No. of

Cum. %

Death

3 mg/kg/day

10 mg/kg/day

No. of
Cum. %

Death

No. of
Cum. %

Death

30 mg/kg/day
No. of

Cum. %

Death

Cum. %

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
0 - 52

5

7.69

14

21.54

25

38.46

22

33.85

35

53.85

53 - 78

18

35.38

22

55.38

19

67.69

16

58.46

14

75.38

79 - 88

7

46.15

8

67.69

5

75.38

5

66.15

.

.

35

53.85

21

32.31

16

24.62

22

33.85

16

24.62

Ter. Sac.

Table 4B: Intercurrent Mortality Rate
Female Mice
Saline Cont.
No. of
Week

Death

Cum. %

Vehicle Cont.

3 mg/kg/day

10 mg/kg/day

30 mg/kg/day

No. of

No. of

No. of

No. of

Death

Cum. %

Death

Cum. %

Death

Cum. %

Death

Cum. %

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
0 - 52

6

9.23

20

30.77

24

36.92

23

35.38

32

53 - 78

10

24.62

15

53.85

9

50.77

9

49.23

9

63.08

79 - 89

8

36.92

3

58.46

7

61.54

11

66.15

4

69.23

41

63.08

27

41.54

25

38.46

22

33.85

20

30.77

Ter. Sac.

Table 5A: Intercurrent Mortality Comparison
Male Mice
Test

Statistic

P_Value using

P_Value using

Vehicle control

saline control

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
Dose-Response

Likelihood Ratio

0.0043

<.0001

Homogeneity

Log-Rank

0.0025

<.0001

Table 5B: Intercurrent Mortality Comparison
Female Mice
Test

Statistic

P_Value using

P_Value using

Vehicle control

Saline control

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

Reference ID: 4737856

Dose-Response

Likelihood Ratio

0.1115

0.0009

Homogeneity

Log-Rank

0.4060

0.0002

49.23

(b) (4)
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Table 6A_VC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using Vehicle Control
Male Mice

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dos

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

ADRENAL CORTEX

#B ADENOMA

1

0

2

0

0.5649

1.0000

0.4273

1.0000

#B ADENOMA, A CELL

0

0

1

0

0.4380

.

0.4521

.

COAGULATING GL

#B ADENOMA

0

1

0

0

0.6694

0.4118

.

.

DUODENUM

#B ADENOMA

0

1

0

0

0.6694

0.4118

.

.

HARDERIAN GLANDS

#B ADENOMA

4

5

1

3

0.4129

0.3187

0.9562

0.4292

#M CARCINOMA

2

0

0

1

0.4403

1.0000

1.0000

0.7113

#B ADENOMA, HEPATOCELLULAR

6

3

3

0

0.9769

0.8255

0.8802

1.0000

#B ADENOMA, HEPATOCELLULAR, MULTIPL

0

0

1

0

0.4380

.

0.4521

.

#M CARCINOMA, HEPATOCELLULAR

3

1

2

1

0.5713

0.8943

0.7554

0.8126

LUNG

BRONCHIOL_ADENOMA+CARCINOMA

3

2

0

1

0.7025

0.6810

1.0000

0.8059

LUNGS

#B ADENOMA, BRONCHIOLO-ALVEOLAR

9

3

4

4

0.4768

0.9428

0.9156

0.7026

#B ADENOMA, BRONCHIOLO-ALVEOLAR, MU

3

2

0

1

0.7025

0.6810

1.0000

0.8059

#M CARCINOMA, BRONCHIOLO-ALVEOLAR

6

1

2

4

0.1867

0.9792

0.9490

0.4564

SOFT TISSUE- ABD

#M SCHWANNOMA, MALIGNANT

0

1

0

0

0.6721

0.4203

.

.

STOMACH, NON

#M CARCINOMA, SQUAMOUS CELL

0

1

0

0

0.6694

0.4118

.

.

SYSTEMIC LESIONS

#B HEMANGIOMA

0

3

2

1

0.3439

0.0697

0.2077

0.3333

#M HEMANGIOSARCOMA

7

0

2

5

0.1019

1.0000

0.9683

0.4098

#M LYMPHOMA, MALIGNANT

3

0

2

7

0.0010*

1.0000

0.7480

0.0221

#M SARCOMA, HISTIOCYTIC

1

1

0

0

0.8926

0.6576

1.0000

1.0000

TESTES

#B ADENOMA, INTERSTITIAL CELL

3

0

0

0

1.0000

1.0000

1.0000

1.0000

THYROID GLANDS

#B ADENOMA, FOLLICULAR CELL

0

1

1

0

0.5044

0.4118

0.4521

.

LIVER

Reference ID: 4737856

(b) (4)
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Table 6A_SC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using Saline Control
Male Mice

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dos

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

ADRENAL CORTEX

#B ADENOMA

0

0

2

0

0.3510

.

0.1630

.

#B ADENOMA, A CELL

0

0

1

0

0.4109

.

0.4074

.

ADRENAL MEDULLA

#B PHEOCHROMOCYTOMA, BENIGN

1

0

0

0

1.0000

1.0000

1.0000

1.0000

COAGULATING GL

#B ADENOMA

0

1

0

0

0.6279

0.3684

.

.

DUODENUM

#B ADENOMA

1

1

0

0

0.8597

0.5981

1.0000

1.0000

EARS

#M CARCINOMA, SQUAMOUS CELL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

HARDERIAN GLANDS

#B ADENOMA

6

5

1

3

0.4824

0.3804

0.9744

0.4928

#M CARCINOMA

0

0

0

1

0.1550

.

.

0.2941

#B ADENOMA, HEPATOCELLULAR

5

3

3

0

0.9430

0.6620

0.7400

1.0000

#B ADENOMA, HEPATOCELLULAR, MULTIPL

1

0

1

0

0.6510

1.0000

0.6459

1.0000

#M CARCINOMA, HEPATOCELLULAR

3

1

2

1

0.5166

0.8562

0.6826

0.7611

LUNG

BRONCHIOL_ADENOMA+CARCINOMA

1

2

0

1

0.4096

0.3047

1.0000

0.5048

LUNGS

#B ADENOMA, BRONCHIOLO-ALVEOLAR

10

3

4

4

0.4355

0.9170

0.8786

0.6246

#B ADENOMA, BRONCHIOLO-ALVEOLAR, MU

1

2

0

1

0.4096

0.3047

1.0000

0.5048

#M CARCINOMA, BRONCHIOLO-ALVEOLAR

5

1

2

4

0.0982

0.9410

0.8648

0.2594

PITUITARY

#B ADENOMA, PARS DISTALIS

1

0

0

0

1.0000

1.0000

1.0000

1.0000

SOFT TISSUE- ABD

#M SCHWANNOMA, MALIGNANT

0

1

0

0

0.6308

0.3766

.

.

STOMACH, NON

#M CARCINOMA, SQUAMOUS CELL

0

1

0

0

0.6279

0.3684

.

.

SYSTEMIC LESIONS

#B HEMANGIOMA

1

3

2

1

0.4177

0.1472

0.3716

0.5048

#M HEMANGIOSARCOMA

4

0

2

5

0.0144

1.0000

0.7804

0.0963

#M LYMPHOMA, MALIGNANT

2

0

2

7

<0.001*

1.0000

0.5438

0.0046*

#M SARCOMA, HISTIOCYTIC

1

1

0

0

0.8634

0.6042

1.0000

1.0000

THYROID GLANDS

#B ADENOMA, FOLLICULAR CELL

0

1

1

0

0.4629

0.3684

0.4074

.

URINARY BLADDER

#B SUBMUCOSAL MESENCHYMAL TUMOR

1

0

0

0

1.0000

1.0000

1.0000

1.0000

LIVER

Reference ID: 4737856

(b) (4)
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Table 6B_VC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using Vehicle Control
Female Mice

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dos

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

ADRENAL MEDULLA

#B PHEOCHROMOCYTOMA, BENIGN

0

1

1

0

0.5765

0.4861

0.4932

.

#M PHEOCHROMOCYTOMA, MALIGNANT

0

0

1

0

0.4706

.

0.4932

.

CECUM

#M LEIOMYOSARCOMA

0

1

0

0

0.7279

0.4861

.

.

CERVIX

#B FIBROMA

0

1

0

0

0.7279

0.4861

.

.

#B LEIOMYOMA

0

0

1

0

0.4706

.

0.4932

.

#M LEIOMYOSARCOMA

1

2

0

1

0.5474

0.4789

1.0000

0.6798

#M SARCOMA, UNDIFFERENTIATED

0

1

0

0

0.7279

0.4861

.

.

#B ADENOMA

1

3

1

1

0.6121

0.2968

0.7466

0.6798

#M CARCINOMA

1

0

1

0

0.7216

1.0000

0.7466

1.0000

LIVER

#B ADENOMA, HEPATOCELLULAR

0

0

0

1

0.2059

.

.

0.4308

LUNG

BRONCHIOL_ADENOMA+CARCINOMA

4

3

13

8

0.0232

0.7497

0.0108

0.0695

LUNGS

#B ADENOMA, BRONCHIOLO-ALVEOLAR

2

2

8

6

0.0239

0.6609

0.0389

0.0610

#B ADENOMA, BRONCHIOLO-ALVEOLAR, MU

0

1

1

1

0.2366

0.4861

0.4932

0.4308

#M CARCINOMA, BRONCHIOLO-ALVEOLAR

2

1

5

2

0.3009

0.8644

0.1930

0.5698

MAMMARY GLAND

#M ADENOCARCINOMA

0

2

0

0

0.7864

0.2328

.

.

OVARIES

#B CYSTADENOMA

1

1

1

0

0.7961

0.7394

0.7466

1.0000

#B GRANULOSA CELL TUMOR, BENIGN

0

2

0

0

0.7864

0.2328

.

.

#B LUTEOMA

3

1

0

0

0.9952

0.9358

1.0000

1.0000

#B TERATOMA, BENIGN

0

0

0

1

0.2059

.

.

0.4308

OVIDUCTS

#M CARCINOMA

0

0

0

1

0.2059

.

.

0.4308

PITUITARY

#B ADENOMA, PARS DISTALIS

1

1

0

0

0.9275

0.7394

1.0000

1.0000

SKIN

#B PAPILLOMA, SQUAMOUS CELL

0

0

1

0

0.4706

.

0.4932

.

#M SARCOMA, UNDIFFERENTIATED

0

1

0

0

0.7279

0.4861

.

.

SOFT TISSUE- ABD

#M SARCOMA, UNDIFFERENTIATED

1

0

0

0

1.0000

1.0000

1.0000

1.0000

STERNUM

#M CHONDROSARCOMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

STOMACH, GLAN

#M SARCOMA, UNDIFFERENTIATED

0

0

0

1

0.2059

.

.

0.4308

SYSTEMIC LESIONS

#B HEMANGIOMA

7

5

5

6

0.3407

0.8000

0.8140

0.5548

#M HEMANGIOSARCOMA

3

2

6

3

0.2827

0.7946

0.2130

0.5078

#M LYMPHOMA, MALIGNANT

3

7

2

13

<0.001*

0.1545

0.8127

0.0027*

#M SARCOMA, HISTIOCYTIC

3

6

3

1

0.8925

0.2395

0.6497

0.9025

THYROID GLANDS

#B ADENOMA, FOLLICULAR CELL

0

1

0

1

0.2570

0.4932

.

0.4308

UTERUS

#B FIBROMA

0

0

1

0

0.4706

.

0.4932

.

#B GRANULAR CELL TUMOR, BENIGN

0

2

0

2

0.1401

0.2328

.

0.1893

#B POLYP, ENDOMETRIAL STROMAL

2

1

5

2

0.3008

0.8644

0.2041

0.5698

#M CARCINOMA

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M SARCOMA, ENDOMETRIAL STROMAL

1

1

0

1

0.4523

0.7325

1.0000

0.6723

HARDERIAN GLANDS

Reference ID: 4737856

(b) (4)
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Table 6B_SC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using Saline Control
Female Mice

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dos

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

ADRENAL CORTEX

#B ADENOMA

2

0

0

0

1.0000

1.0000

ADRENAL MEDULLA

#B PHEOCHROMOCYTOMA, BENIGN
#M PHEOCHROMOCYTOMA, MALIGNANT

0

1

0

0

BONE

#M OSTEOSARCOMA

2

CECUM

#M LEIOMYOSARCOMA

CERVIX

1

0

0.5044

0.4023

0.4091

.

1

0

0.4238

.

0.4091

.

0

0

0

1.0000

1.0000

1.0000

1.0000

0

1

0

0

0.6556

0.4023

.

.

#B FIBROMA

0

1

0

0

0.6556

0.4023

.

.

#B LEIOMYOMA

0

0

1

0

0.4238

.

0.4091

.

#M LEIOMYOSARCOMA

0

2

0

1

0.3054

0.1590

.

0.3500

#M SARCOMA, ENDOMETRIAL STROMAL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M SARCOMA, UNDIFFERENTIATED

0

1

0

0

0.6556

0.4023

.

.

#B ADENOMA

2

3

1

1

0.6446

0.3295

0.7986

0.7310

#M CARCINOMA

1

0

1

0

0.6697

1.0000

0.6536

1.0000

#B ADENOMA, HEPATOCELLULAR

2

0

0

1

0.4747

1.0000

1.0000

0.7310

#B ITO CELL TUMOR, BENIGN

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M CARCINOMA, HEPATOCELLULAR

2

0

0

0

1.0000

1.0000

1.0000

1.0000

LUNG

BRONCHIOL_ADENOMA+CARCINOMA

11

3

13

8

0.0960

0.9678

0.0927

0.3146

LUNGS

#B ADENOMA, BRONCHIOLO-ALVEOLAR

6

2

8

6

0.0662

0.9023

0.1514

0.2040

#B ADENOMA, BRONCHIOLO-ALVEOLAR, MU

3

1

1

1

0.6393

0.8784

0.8839

0.8288

#M CARCINOMA, BRONCHIOLO-ALVEOLAR

5

1

5

2

0.4687

0.9576

0.3726

0.7708

MAMMARY GLAND

#M ADENOCARCINOMA

0

2

0

0

0.7222

0.1590

.

.

OVARIES

#B ADENOMA, TUBULOSTROMAL

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#B CYSTADENOMA

1

1

1

0

0.7267

0.6455

0.6536

1.0000

#B GRANULOSA CELL TUMOR, BENIGN

1

2

0

0

0.8782

0.3536

1.0000

1.0000

#B LUTEOMA

1

1

0

0

0.8829

0.6455

1.0000
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Table 6B_SC: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Using Saline Control
Female Mice

Organ Name

Tumor Name

0 mg

0.05 mg

0.25 mg

1.25 mg

P_Value

Cont

Low

Med

High

Dos

P_Value

P_Value

P_Value

N=65

N=65

N=65

Resp

C vs. L

C vs. M

C vs. H

N=65

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

SYSTEMIC LESIONS

#M LYMPHOMA, MALIGNANT

8

7

2

13

0.0055

0.4267

0.9657

0.0157

#M SARCOMA, HISTIOCYTIC

3

6

3

1

0.8079

0.1003

0.4653

0.8240

THYROID GLANDS

#B ADENOMA, FOLLICULAR CELL

0

1

0

1

0.2086

0.4091

.

0.3500

UTERUS

#B FIBROMA

1

0

1

0

0.6697

1.0000

0.6536

1.0000

#B GRANULAR CELL TUMOR, BENIGN

0

2

0

2

0.1049

0.1590

.

0.1253

#B POLYP, ENDOMETRIAL STROMAL

1

1

5

2

0.1502

0.6455

0.0430

0.2791

#B POLYP, ENDOMETRIAL STROMAL, MULT

1

0

0

0

1.0000

1.0000

1.0000

1.0000

#M SARCOMA, ENDOMETRIAL STROMAL
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Figure 1A: Kaplan-Meier Survival Functions for Male Rats
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Figure 1B: Kaplan-Meier Survival Functions for Female Rats
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Figure 2A: Kaplan-Meier Survival Functions for Male Mice
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Figure 2B: Kaplan-Meier Survival Functions for Female Mice
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Approvability

Refer to the Unireview of NDA 213716
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Additional Non Clinical Recommendations
None

1.1.3 Labeling
Refer to the Unireview and Labeling of NDA 213716
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Brief Discussion of Nonclinical Findings

Safety Pharmacology: In cynomolgus monkeys administered an oral dose of 200
mg/kg, QT and QTc were prolonged with mix-ISA247, cis-isomer, and trans-isomer
(voclosporin), suggesting a potential clinical risk. Exposure to voclosporin at a dose
level of 200 mg/kg in monkeys was ~8x and 5x higher than the estimated human
(b) (4)
AUC (444 ng•hr/mL) and Cmax (120 ng/mL), respectively, at
0.4 mg/kg BID. However, no drug-related electrocardiogram (ECG) abnormalities
were observed in any other non-rodent toxicology study, including 14-day dog
(≤51.5 mg/kg/day), 13-week dog (≤35 mg/kg/day), 13-week monkey (≤150/300
mg/kg/day), and 39-week monkey (≤150 mg/kg/day) studies.
The hERG assay showed IC50 values (23, 72, and 43 µM for mix-ISA247,
cis-ISA247, and voclosporin, respectively). In a rabbit Purkinje fiber assay,
voclosporin had no effect on APD90 and was not associated with the induction of
early-after-depolarizations (EADs), although a modest slowing of Vmax (25%) was
observed at 3.3-6.1 µM. These concentrations are at least 4000x higher than the
estimated human Cmax at the intended therapeutic dose.
A slight decrease in respiratory rate was observed in rats at ≥2.5 mg/kg/day
(Cmax = 82.5 ng/mL), without an increase in tidal volume. This dose is only 0.7x the
estimated human Cmax at the the intended therapeutic dose.
PK/ADME: After oral administration to rats, voclosporin showed low oral
bioavailability (~8% in rats). The Tmax ranged from 2-4 hrs (rats, rabbits, and
monkeys) and t1/2 ranged from 4.8-13 hrs (rats and monkeys). Voclosporin and mix
ISA247 were metabolized by hydroxylation and oxidative N-demethylation reactions
in all species, including humans. All major circulating metabolites detected in
human were also present in one or more of the toxicology species used to evaluate
the safety of voclosporin. The profile observed in humans was more similar to the
one observed in primates. IM9 and IM1-Diol-1 were observed in every species, with
IM9 being the most abundant metabolite.
CYP450 3A4/5 was the primary CYP450 enzyme involved in the Phase I
metabolism of voclosporin. Voclosporin was also a competitive inhibitor of
CYP3A4/5 and a P-gp substrate and inhibitor. Plasma protein binding of
voclosporin was high (97-98%) in all species studied (CD-1 mouse, SpragueDawley rat, New Zealand White rabbit, Beagle dog, cynomolgus monkey).
Wide tissue distribution of 14C-voclosporin was observed in rats and
monkeys. Drug-derived radioactivity distributed to the eye (target tissue) following
oral administration of 14C-voclosporin, although at low levels. The majority of the
radioactivity was eliminated within 24-48 hrs (rats) or 48-72 hrs (monkeys). Fecal
and biliary excretion were the primary routes of elimination for rats and monkeys.
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General Toxicology: The toxicological profile of voclosporin (and mix-ISA247) was
similar to that of cyclosporine. The adverse findings observed were either expected
due to drug-related immunosuppression (e.g., thymic medullary atrophy, absence
of germinal centers, lymphomas, decreased lymphocyte counts) or to the known
drug class specific adverse effects (e.g., renal toxicity, neurotoxicity, gingival
hyperplasia, liver toxicity).
In some, but not all studies, additional targets identified included the bone
marrow (medullary hyperostosis and myeloid hypercellularity), lungs
(inflammation/macrophages), prostate (atrophy; decreased weights), and teeth
(dental dysplasia) in rats; the heart (basophilic mineralization) and ovaries
(decreased number of corpora lutea) in mice; and the testes (decreased
spermatogenesis) in rabbits. The clinical relevance of these findings is not clear as
they were not observed consistently in other studies using similar dosing regimens
(rats) and/or were only observed in one species.
The studies did not actually show marked differences on the severity and/or
incidence of findings between voclosporin (or mix-ISA247) and cyclosporine.
However, the systemic exposure of cyclosporine was at least 2x higher compared
to voclosporin (or mix-ISA247) at similar doses, suggesting that voclosporin may
have a lower therapeutic index.
A high number of mortalities were noted in rats which appeared to be related
to the vehicle. Mice also showed mortalities related to the vehicle. A mechanism for
these vehicle-related mortalities was not specified. The clinical relevance is unclear
but the fact that the same effect was not observed in monkeys or in dogs, suggest
a species specific effect for the vehicle related mortalities. These same studies also
showed mortalities in rats and mice that were considered related to the test article.
In rats, these mortalities were associated with neurohistological findings, i.e., gliosis
and perivascular infiltrates in the brain and spinal cord. None of the other species
showed similar findings, suggesting species specificity. However, consideration
should be given to the fact that exposure (based on dosed normalized AUC values)
was highest in the rat and that neurotoxicity is a known adverse effect of calcineurin
inhibitors.
Genotoxicity: Mix-ISA247 was not considered genotoxic in an Ames test, an in
vitro chromosome aberration assay in Chinese hamster ovary cells, or in a bone
marrow micronucleus test in rats after single oral doses up to 2000 mg/kg.
Reproductive Toxicity: Mix-ISA247 did not interfere with reproductive ability or
early embryonic development in rats (NOAEL > 25 mg/kg/day). Mix-ISA247 caused
a decrease in litter size and viable pups and an increase in resorptions (both early
and late) at 25 mg/kg/day in the embryofetal development study in rats. Delayed
ossification of metatarsals and decreased fetal weights were marginally observed in
pups at 25 mg/kg/day. The developmental NOAEL was 10 mg/kg/day. Similar
findings were observed in rabbits at a dose of 20 mg/kg/day with decreased fetal
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weights at ≥ 10 mg/kg/day and delated ossifications at 20 mg/kg/day. The
developmental NOAEL was 2 mg/kg/day.
Voclosporin was also tested for embryofetal toxicity in rats, with the NOAEL
being 1 mg/kg/day. This compound behaved similarly to mix-ISA247, causing
resorptions, decreased litter size, decreased fetal body weights, and delayed bone
ossification at 5 and 20 mg/kg/day.
There were no test article related malformations or variations seen in the
fetuses in the developmental toxicity studies in rats or rabbits.
In the prenatal and postnatal development study with mix-ISA247, prolonged
(incomplete) parturition was observed at 25 mg/kg/day. Mean number of total pups
delivered, surviving pups per litter, and the number of liveborn pups were
significantly reduced at 25 mg/kg/day. The NOAEL was 10 mg/kg/day. There were
no test article effects seen in the F1 or F2 generation (NOEL > 25 mg/kg/day).
A placental and milk transfer study with 14C-voclosporin in rats indicated
transfer of radioactivity to the pups across the placental barrier and milk, although
at low levels.
Carcinogenicity: Daily oral gavage of voclosporin for at least 96 weeks to rats did
not produce evidence of carcinogenicity. Daily oral gavage of voclosporin for 60 to
89 weeks to mice was associated with higher incidences of malignant lymphoma at
30 mg/kg/day, resulting in increased mortality rates. Malignant lymphomas (causing
one death) occurred at 150 mg/kg/day in a 39-week oral toxicity study in monkeys.
2

Drug Information

2.1

Drug

Voclosporin
2.1.1
2.1.2

CAS Registry Number (Optional)
515814-01-4
Generic Name

2.1.3

Code Name
The most common designations for the drug substance are ISA247 (and
variations such as trans-ISA247) and IE-001 (and variations such as IE-001-E and
IE 001-trans). Other drug substance designations used during development and in
(b) (4)
DMF are RO4543856; trans- RO4543856; and CN 34899. The designation
may also be used in this submission for both the drug substance and drug product.
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The codes ISATX247 and mix-ISA247 refers to the drug substance mixture
(b) (4)
(b) (4)
consisting of
% trans-isomer and
% cis-isomer of voclosporin.
2.1.4 Chemical Names
• Cyclo{[(6E)-(2S,3R,4R)-3-hydroxy-4-methyl-2-methylamino- 6,8
nonadienoyl]-L-2-aminobutyryl-N-methylglycyl-N-methyl-L-leucyl-L-valyl-N
methyl-L-leucyl-Lalanyl-D-alanyl-N-methyl-L-leucyl-N-methyl-L-leucyl-N
methyl-L-valyl} (IUPAC)
• Cyclosporin A, 6-[(2S,3R,4R,6E)-3-hydroxy-4-methyl-2-(methylamino)-6,8
nonadienoic acid]- (USAN)
• Cyclo[L-alanyl-D-alanyl-N-methyl-L-leucyl-N-methyl-L-leucyl-N-methyl-L
valyl- [(2S,3R,4R,6E)-3-hydroxy-4-methyl-2-(methylamino)nona-6,8-dienoyl]
(2S)-2-aminobutanoyl-N-methylglycyl-N-methyl-L-leucyl-L-valyl-N-methyl-L
leucyl] (USAN)
• 1,11-Anhydro[L-alanyl-D-alanyl-N-methyl-L-leucyl-N-methyl-L-leucyl-N
methyl-Lvalyl-[(2S,3R,4R,6E)-3-hydroxy-4-methyl-2-(methylamino)nona-6,8
dienoyl][(2S)-2-aminobutanoyl]-N-methylglycyl-N-methyl-L-leucyl-L-valyl-N
methyl-L-leucine]
• Cyclo[[(2S,3R,4R,6E)-3-hydroxy-4-methyl-2-methylamino-nona-6,8-dienoyl]
L-2-aminobutyryl-N-methylglycyl-N-methyl-L-leucyl-L-valyl-N-methyl-L
leucyl-L-alanyl-D-alanyl-N-methyl-L-leucyl-N-methyl-L-leucyl-N-methyl-L
valyl]
2.1.5

Molecular Formula/Molecular Weight
C63H111N11O12/1214.6

2.1.6

Structure
Voclosporin (VCS) is structurally similar to cyclosporine A (CsA), except for
a novel modification to the amino acid 1 residue of the molecule (addition of single
(b) (4)
(b) (4)
carbon). VCS can comprise two geometric isomers (
% trans-isomer,
% cis
isomer), depending on the orientation of the modified functional group at amino
acid 1.
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2.1.7

Pharmacologic class
Calcineurin inhibitor; Immunosuppressant; CsA analog

2.2

Relevant IND/s, NDA/s,
and DMF/s
(b) (4)

2.3

Clinical Formulation

2.3.1

Drug Formulation
(b) (4)
The proposed commercial drug product consists of a
of
(b) (4)
VCS drug substance, nominally containing
mg drug substance per drug product
unit, filled into a size 5 oval soft gelatin capsule. The unit composition of the
capsule is summarized in the table below (copied from the NDA).

(b) (4)
(b) (4)

(b) (4)
(b) (4)

2.3.2

Comments on Novel Excipients

The proposed formulation vehicle [vitamin E polyethylene glycol succinate
(Vit E TPGS), polysorbate 40, medium-chain triglycerides (MCT) and ethanol in a
15
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was used in the toxicology studies. The effects of the vehicle vs.
VCS or mix-ISA247 were evaluated in these studies.
(b) (4)

2.3.3

Comments on Impurities/Degradants of Concern

Four impurities (Table 1; copied from the NDA) are present in the clinical
formulation at levels higher that those present in the nonclinical lots.
Table 1: Impurities with Higher Proposed Acceptance Limits Compared to the
Levels in the Nonclinical Lots
(b) (4)

The ICH Q3A and ICH Q3B guidelines do not strictly apply to VCS

(b) (4)

The sponsor proposed a qualification threshold of NMT
%. This qualification threshold was agreed upon by the Agency on a
correspondence dated 4-5-10.
(b) ( )

The following rationale was provided by the sponsor to justify each impurity.
(b) (4)
When converting the doses to human equivalent dose, the safety margin is
However, given that the findings observed in animals treated with mixISA247 or voclosporin were consistent with those identified in other repeated dose
studies in which the impurities were not present or present at lower levels, and
similar findings were also observed in CsA treated animals, the impurities are not
considered to be contributing substantially to the findings. These impurities
(b) (4)
represent
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(b) (4)

was present at a concentration of
% in
_1_056, the voclosporin used in Study ISA03-03. This concentration is
(b) (4)
below the proposed acceptance criterion of
%. The doses administered in
Study ISA03-03 were 2.5, 10, and 25 mg/kg/day of each isoform of ISA247 (mix
ISA247, voclosporin, cis-ISA247). As shown in Table 1, compared to the proposed
(b) (4)
human total daily dose of
mg/kg, the 2.5 mg/kg NOAEL dose in Study ISA03-03
(b) (4)
(b) (4)
represents a
x oral dose multiple of
if that substance is present
(b) (4)
at
%.
(b) (4)

(b) (4)

(b) (4)

was present at a concentration of
% in the drug substance, mix-ISA247, used in Study ISA01-18, a 26-week oral
toxicity study in rats. The doses in the 26 week rat study were 1.25, 2.5 and 10
mg/kg/day. The NOAEL dose was determined to be 1.25 mg/kg/day. This
(b) (4)
represents an oral dose multiple of
x compared to the proposed human dose.
No unexpected findings or findings attributable to an impurity occurred in the study.
(b) (4)
(b) (4)
While the rat/human oral dose multiple to
in rats is
when
(b)
calculated against the NOAEL dose, that multiple would be (4) when calculated
against the highest dose tested (10 mg/kg), a dose that caused no effects
attributable to impurities.
(b) (4)

(b) (4)

was present in the drug substance used in
Study 70881 at a concentration of
%. Study 70881 was a combination toxicity
study to assess the toxicity of voclosporin when given in combination with 0.5
mg/kg prednisone. No new or unexpected toxicities occurred. The rat/human oral
(b) (4)
dose multiple for
is present at its acceptance limit of
(b) (4)
(b) (4)
%, is
x (Table 1), based on the lowest dose of voclosporin administered in
Study 70881 (2.5 mg/kg/day in combination with 0.5 mg/kg/day prednisone).
(b) (4)

(b) (4)

was present in one of the two lots of the
drug substance used in Study ISA04-08, a 2-year carcinogenicity study of
voclosporin in rats. The doses in Study ISA04-08 were 0.05, 0.25 and 1.25
(b) (4)
mg/kg/day for males and 0.1, 0.5 and 2.5 mg/kg/day for females. The level of
(b) (4)
was
%. No adverse toxicity findings related to voclosporin occurred in
(b) (4)
Study ISA04-08. The rat/human oral dose multiple for impurity
, if
(b) (4)
(b) (4)
(b) (4)
present at its acceptance limit of
%, was
x for males and
x for females.
However, these were (b)the
highest doses tested. In the opinion of the Sponsor, the
(4)
multiple for females,
x, is the appropriate comparator for purposes of impurity
qualification.
(b) (4)
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(b) (4)

Reviewer’s comment: The reviewer disagrees with the conclusion that no adverse
toxicity findings related to voclosporin occurred in Study ISA04-08. High dose
males showed increased severity of chronic progressive nephropathy. This finding
was accompanied with a slight increase in mean BUN, creatinine, ALP, and
potassium. The reviewer agrees, however, that the findings were not related to the
presence of the impurity as these were consistent with findings in the general
toxicology studies where the impurity was not present or present at lower levels.
An additional impurity, not listed in the table,
has
(b) (4)
been observed at a level of
% only in voclosporin clinical drug substance
(b) (4)
batches produced using cyclosporine A supplied by
The acceptance
(b) (4)
criterion for this impurity (NMT
%) is within the proposed qualification threshold
(b) (4)
of
%.
(b) (4)

2.4

Proposed Clinical Population and Dosing Regimen
The proposed clinical population is patients

(b) (4)

The proposed dosing
regimen is

2.5

(b) (4)

BID administered chronically.

Regulatory Background

A Type C meeting was held on March 16, 2009 where the adequacy of the
nonclinical program for NDA submission and approval was discussed. In this
meeting, the FDA agreed that the proposed nonclinical package appeared to be
(b) (4)
adequate.

3

Studies Submitted

3.1

Studies Reviewed

Pharmacology
Primary Pharmacology
• The Inhibition of Calcineurin Activity by ISATX247 (Study ISA00-05)
• Potency of Voclosporin Metabolites Using the Lymphocyte Proliferation
Assay as a Surrogate Marker for In Vitro Calcineurin Inhibition (Study #
ISA08-40)
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Comparison of the In Vitro Calcineurin Phosphatase Inhibition in Human
Whole Blood of Enriched Isomeric Mixtures of ISA247 (Study # ISA02-06)
A Comparison of the Effects of ISATX247 and Cyclosporine A on T Cell
Function in the Cynomolgus Monkey Utilizing both In Vitro and In Vivo
Methods (Study # ISA01-08)

Secondary Pharmacology
• Evaluation and Comparison of Metabolic Changes in the Kidney Caused by
Cyclosporine and ISATX247 in a Transplant Monkey Model Using Magnetic
Resonance Spectroscopy (MRS) - A Pilot Study (Study # ISA02-08)
• Pharmacokinetics and Nephrotoxic Properties of ISATX247 in a Rabbit Model
(Study # ISA99-02)
Safety Pharmacology
•

•
•
•

•
•
•

R04543856-000 (ISA247), R04597560-000 (Cis-isomer) & R04596211-000
(Trans-isomer); Evaluation of Actions on K+ Currents through Recombinant
Herg Channels Expressed in CHO Cells (Studies No. 7l5C02, 049C03 &
070C03) (Study # ISA03-14)
RO4543856-000 (ISA-247): Evaluation of Actions on Action Potentials in
Isolated Rabbit Cardiac Purkinje Fibers (Study # ISA03-15)
ISATX247 - Effects on Arterial Blood Pressure, Heart Rate, and
Electrocardiogram, Following Oral Administration in the Conscious
Cynomolgus Monkey Monitored by Telemetry (Study # ISA02-07)
R04543856-000; R04597560-000; R04596211-000 Effects on Arterial Blood
Pressure, Heart Rate and Electrocardiogram, Following Oral Administration
in the Conscious Cynomolgus Monkey Monitored by Telemetry (AT 7976)
(Study # ISA03-02)
Neuropharmacological Profile (NPP) of ISA247 in Rats (Study# ISA05-28)
The Effects of ISA247 on Respiration Rate and Tidal Volume in Sprague
Dawley Rats (Study # ISA05-29)
Renal Effects of a Single Oral Dose of ISA247 in Rats (Study # ISA07-11)

Pharmacokinetics/ADME/Toxicokinetics
Absorption
• The Bioavailability of ISATX247 in a Rat Model (Study # ISA99-03)
• Voclosporin: A Single Dose Pharmacokinetic Study towards the
Determination of Absolute Bioavailability in Sprague-Dawley Rats (Study #
ISA08-15)
• 1-Day Oral Pharmacokinetic Study in Fasted Sprague-Dawley Rats with
Vitamin E Free ISA247 Formulations (Study # ISA05-04)
• Repeat-Dose (10-Day) Oral Pharmacokinetic Study in Fasted SpragueDawley Rats with a Vitamin E Free ISA247 Formulation (Study # ISA05-08)
• A 10-Day Repeat Dose Oral Gavage Toxicokinetic Study of ISA247 in Rats
(Study ISA05-10)
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ISATX247 and Cyclosporine A: A 10-Day Comparative Oral Pharmacokinetic
Study in Sprague-Dawley Rats (Study # ISA01-17)
Voclosporin: An Oral Pharmacokinetic/Metabolite Study in Sprague-Dawley
Rats (Study # ISA08-14)
Voclosporin and Mix-ISA247: A 10-Day Oral Pharmacokinetics Comparative
Study in New Zealand White Rabbit (Study # ISA08-26)
Voclosporin: A 10-Day Oral Pharmacokinetic/Metabolite Study in
Cynomolgus Monkeys (Study # ISA08-13)

Distribution and Excretion
• Human Whole Blood Distribution of ISATX247: Red Blood Cell to Plasma
Ratio of ISATX247, Temperature Equilibration Studies (Study # ISA00-26)
• Human Whole Blood Distribution of Voclosporin (VCS): The Effect of
Temperature and Concentration on the Plasma to Red Blood Cell
Distribution of Voclosporin (Study # ISA09-26)
• In Vitro Protein Binding of Voclosporin in Mouse, Rat, Rabbit, Dog, Monkey
and Human Plasma (Study # ISA08-29)
• Pharmacokinetics, Tissue Distribution, and Mass Balance of [3H]ISATX247
Following Oral Administration to Male and Female Sprague-Dawley Rats
(Study # ISA00-25)
• [14C]ISA247 Absorption, Distribution, Metabolism, and Excretion Studies in
the Rat after a Single Oral (Gavage) Dose (Study # ISA05-18)
• [14C]Voclosporin Pharmacokinetics, Distribution, and Excretion Studies of
[14C]Voclosporin in the Cynomolgus Monkey after a Single Oral (Gavage)
Dose (Study # ISA08-01)
• Placental Transfer and Milk Transfer of Radioactivity in Rats
Following a
(b) (4)
Single Oral Gavage Dose of [14C]Voclosporin (Study #
420696)
Metabolism
•
•
•

•
•
•

Metabolism of Voclosporin: Identification, Biosynthesis, and Synthesis of the
Phase I Oxidative Metabolites (Study # ISA09-10)
The Metabolism of ISATX247 and Cyclosporine in Pooled Human Liver
Microsomes (Study # 00-03)
Qualitative Comparison of the In Vitro Metabolic Profile of ISA247-(mix), Cis
ISA247, and Trans-ISA247 Following Incubation in Human Liver
Microsomes and Human Hepatocytes and a Quantitative Comparison of the
Inhibition of CYP3A4, CYP2D6, and CYP2C9 by ISA247-(mix), CIs-lSA247,
and Trans-ISA247 (Study # ISA03-06)
Investigative Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Human Liver Microsomes (Study # ISA08-34)
Identification of the Cytochrome P450 Enzymes Responsible for the
Metabolism of ISATX247 in Human Liver Microsomes (Study # ISA01-06)
Investigating the Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Rat Liver Microsomes (Study # ISA09-12)
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Investigating the Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Monkey Liver Microsomes (Study # ISA09-22)
Metabolism of Cyclosporine A and ISATX247 in the Rabbit: Identification and
Characterization of Metabolites by HPLC-Electrospray Mass Spectrometry
(Study # ISA00-04)
Investigating the Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Rabbit Liver Microsomes (Study # ISA09-23)
Investigating the Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Dog Liver Microsomes (Study # ISA09-24)
Investigating the Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Mouse Liver Microsomes (Study # ISA09-25)
Qualitative Investigation of the ISA247 metabolites Observed in Rat Bile
(Study # ISA04-12)
Comparison of the Steady State In Vivo Metabolic Profile of ISATX247
Following Repeat Dose Oral Administration in Human, Monkey, Dog, and
Rat Whole Blood using Liquid Chromatography-Mass Spectrometry (Study #
ISA01-19)
Investigating Voclosporin Metabolism in Human Liver Microsomes, in the
Presence of Glutathione, Using LC/MS/MS (Study # ISA08-21)
Metabolic Analysis of ISA247 in a Five Day Repeat Dose Oral Gavage
Metabolism and Toxicokinetic Study in Two Strains of Mice (Study ISA05
09)

Drug-Drug Interactions
•
•
•
•
•

In Vitro Evaluation of Voclosporin as an Inhibitor of Human Cytochrome
P450 Enzymes (Study # ISA08-20)
In Vitro Evaluation of Voclosporin (ISA247) as an Inducer of Cytochrome
P450 Expression in Cultured Human Hepatocytes (Study # ISA08-03)
Investigation of Interaction as a Substrate and an Inhibitor of P-Glycoprotein
Efflux Transporter in Caco-2 Cell Monolayers (Study # ISA08-02)
A Repeat Dose Co-Dosing Study of Tacrolimus/Cyclosporine A/ISA247 with
Mycophenolate Mofetil in the Sprague-Dawley Rat (Study # ISA05-26)
Identification of the Cytochrome P450 Enzymes Responsible for the
Metabolism of ISATX247 in Human Liver Microsomes (Study # ISA01-06)

Other PK Studies
•
•
•

Investigating whether Inter-conversion Can Occur Between the Cis (Z) and
Trans (E) Isomers of ISA247 in Human Whole Blood at 37°C (Study # 03-08)
Interconversion Potential of Voclosporin In Vivo (Study # ISA09-11)
Investigating Voclosporin Metabolism in Human Liver Microsomes, in the
Presence of Glutathione, using LC/MS/MS (Study # ISA08-21)

General Toxicology
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Single-Dose Toxicity
• ISA247: A Single Dose Intravenous Toxicity Study in Sprague-Dawley Rats
Study # ISA07-04)
• ISATX247: Determination of the Maximum Tolerated Dose (MTD) Following
Oral Administration in Beagle Dogs (Study # ISA00-18)
Repeat-Dose Toxicity
• ISA247 (Mixture), Cis-ISA247, and Trans-ISA247: 13-Week Oral (Gavage)
Comparative Toxicity Study in the CD Rat (Study # ISA03-03)
• 26-Week Repeat Oral Toxicity Study of ISATX247 and Cyclosporine in
Sprague-Dawley Rats (Study # ISA01-18)
• ISATX247: A 7-Day Oral Range Finding Study in Sprague-Dawley Rats
(Study # ISA99-08)
• ISATX247: A 28-Day Oral Toxicity Study in Sprague-Dawley Rats Followed
by a 14-Day Recovery Period (Study # ISA00-11)
• ISATX247: A 28-Day Oral Toxicity Study in Sprague-Dawley Rats Followed
by a 14-Day Recovery Period (Study # ISA00-08)
• ISATX247: A 13-Week Oral Toxicity Study in Sprague-Dawley Rats Followed
by a 28-Day Recovery Period (Study # ISA00-17)
• A 13-Week Repeat Dose Oral Gavage Toxicity Study of ISA247
Formulations in Rats Followed by a 28-Day Recovery Period (Study #
ISA05-11)
• A 39-Week Oral Toxicity Study in Cynomolgus Monkey Followed by a 28
Day Recovery Period (Study # ISA02-01)
• ISATX247: A 13-Week Oral Toxicity Study in Cynomolgus Monkeys Followed
by a 28-Day Recovery Period (ISA01-05)
• ISATX247: A 7-Day Oral Range-Finding Toxicity Study in Cynomolgus
Monkeys (Study # ISA00-20)
• ISATX247: A 13-Week Oral Toxicity Study in Beagle Dogs Followed by a 28
Day Recovery Period (Study # ISA01-01)
• ISATX247: A 14-Day Oral Toxicity Study in Beagle Dogs Followed by a 14
Day Recovery Period (Study # ISA00-09)
• Characterization of the Emetic Effects of ISATX247 in Beagle Dogs (Study #
ISA00-19)
• A 14-Day Oral Gavage Dose Range-Finding Study of ISA247 in CD-1 Mice
(Study # ISA05-16)
• A 13-Week Oral Gavage Dose Range-Finding Study of ISA247 in CD-1 Mice
(Study # ISA05-17)
(b) (4)
• Voclosporin (
and Prednisone: A 13-Week Oral Combination Toxicity
Study Followed by a 4-Week Recovery Period in Sprague-Dawley Rats
(Study # 70881)
Genetic Toxicology
• Bacterial Reverse Mutation Assay (Study # ISA99-05)
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Bacterial Reverse Mutation Assay (Study # AC33TS-503)
In Vitro Mammalian Chromosome Aberration Test (Study # ISA99-04)
Mammalian Erythrocyte Micronucleus Test (Study # ISA00-02)
Computational Assessment of Genotoxicity of Voclosporin and Three
Related Substances with MC4PC (Study # ISA09-28)
(b) (4)

Carcinogenicity
• A 104-Week Oral (Gavage) Carcinogencity Study in Rats with ISA247
(b) (4)
(Study
-516003)
• A 104-Week Oral (Gavage) Carcinogenicity Study in Mice with ISA247
516008)

(b) (4)

-

Reproductive and Developmental Toxicology
•
•
•
•
•
•
•
•

Oral (Gavage) Fertility and General Reproduction Toxicity Study of ISATX247
in Rats (Study # ISA02-02)
Oral (gavage) Dosage-Range Developmental Toxicity Study of ISATX247 in
Rats (Study # ISA00-23)
Oral (Gavage) Developmental Toxicity Study of ISATX247 in Rats (Study #
ISA01-12)
Oral (Stomach Tube) Dosage-Range Developmental Toxicity Study of
ISATX247 in Rabbits (Study # ISA00-24)
Oral (Stomach Tube) Developmental Toxicity Study of ISATX247 in Rabbits
(Study # ISA01-13)
A Dose Range Finding Study of the Effects of Trans-ISA247 on
Embryo/Fetal Development in Rabbits (Study # ISA04-04)
A Study of the Effects of Trans-ISA247 on Embryo/Fetal Development in
Rabbits (Study # ISA04-05)
Oral (Gavage) Developmental and Perinatal/Postnatal Reproduction Toxicity
Study of ISATX247 in Rats, Including a Postnatal Behavioral/Functional
Evaluation (Study # ISA02-03)

Special Toxicology Studies
• Acute Dermal Toxicity in the Rabbit (Study # ISA08-10)
• Eye Irritation in the Rabbit (Study # ISA08-11)
• Skin Sensitization in the Guinea Pig (Study # ISA08-12)

3.2
•
•

Studies Not Reviewed
ISATX247 Versus Cyclosporine in a Mouse Model of Pancreatic Islet Cell
Allotransplantation (Study # ISA01-20)
Evaluation of the Safety and Efficacy of an Immunosuppressant Analog
(ISATX247) in Collagen and Antigen Induced Arthritis (Study # ISA00-21)
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Efficacy of Improved Cyclosporine Derivatives in a Rat Heart Transplant
Model (Study # ISA00-07)
Efficacy of ISA247-(mix), Cis-ISA247, Trans-ISA247, and Cyclosporine A
(CsA) in a Heterotopic Rat Heart Transplant Model (Study # ISA03-05)
Use of ISATX247 and Cyclosporine A in Monkey Recipients of Renal
Allografts to Prevent Rejection (Study # ISA01-14)
Testing of Neural and ISATX247 in Auto-Transplanted Dogs (Study # ISA02
09)
The Effect of a Low, Medium, and High Dose of an Immunosuppressant
Analog (ISATX247) in a Dog Model (Study # ISA99-06)

Previous Reviews Referenced

(Dr. Steve Kunder; signed 3-20-2006):
The following studies were reviewed:
• A 14-Day Oral Gavage Dose Range-Finding Study of ISA247 in CD-1
Mice (Study # ISA05-16)
• A 13-Week Oral Gavage Dose Range-Finding Study of ISA247 in CD
1 Mice (Study # ISA05-17)
(b) (4)

4

Pharmacology

4.1

Primary Pharmacology
(b) (4)

(b) (4)

Voclosporin also inhibits lymphokine
production and interleukin release, leading to a reduced function of effector T-cells.
The Inhibition of Calcineurin Activity by ISATX247 (Study # ISA00-05) – The
immunosuppressive activity was measured by the inhibition of calcineurin
phosphatase activity. At concentrations of 1-1000 ng/mL, ISATX247 showed similar
or up to 3x the inhibition observed with CsA.
Potency of Voclosporin Metabolites Using the Lymphocyte Proliferation
Assay as a Surrogate Marker for In Vitro Calcineurin Inhibition (Study #
ISA08-40) – VCS demonstrated the greatest potency at inhibiting lymphocyte
proliferation with IC50 of 15.8 ng/ml ± 10.2 (mean ± SD; n=9). The five primary
human metabolites of VCS were tested: IM9, IM4, IM4n, IM1c(R), IM1-Diol-1. Their
potency ranged from less than 1% (IM1Diol-1) to 12.9% (IM9) of VCS based on
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lC50 values. The data indicates all metabolites were significantly less potent than
voclosporin.
Comparison of the In Vitro Calcineurin Phosphatase Inhibition in Human
Whole Blood of Enriched
Isomeric
Mixtures of ISA247 (Study # ISA02-06) 
(b)
(b)
(4)
(4)
The trans-enriched
% cis/ % trans) mixture was found (b)to exhibit higher
(b) (4)
inhibition of calcineurin activity than the cis-enriched
% cis (4)% trans) mixture
[lC50 of 0.46 µM (560 ng/mL) and 0.54 µM (650 ng/mL), respectively]. Both mixtures
were found to be more potent inhibitors of calcineurin activity than CsA (lC50 = 0.69
µM).
A Comparison of the Effects of ISATX247 and Cyclosporine A on T Cell
Function in the Cynomolgus Monkey Utilizing both In Vitro and In Vivo
Methods (Study # ISA01-08) – In vitro using whole blood from cynomolgus
monkeys, mix-ISA247 was more immunosuppressive at significantly lower
concentrations than CsA.

Table 2: Comparison of EC50 of ISA247 and Cyclosporine (values are mean ±
SEM)

In vivo, oral mix-ISA247 (25 and 50 mg/kg/day BID, PO) was observed to be
more immunosuppressive at lower whole blood concentrations than CsA (25
mg/kg/day BID) after dosing for 7 days. The C3hr on Day 7 were 877 ± 202 ng/mL,
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303 ± 94 ng/mL, and 375 ± 62 ng/mL for 25 mg/kg CsA, 25 mg/kg mix-ISA247, and
50 mg/kg mix-ISA247, respectively. These results suggest that mix-ISA247 might
be a more potent immunosuppressant than CsA.
4.2

Secondary Pharmacology

Evaluation and Comparison of Metabolic Changes in the Kidney Caused by
Cyclosporine and ISATX247 in a Transplant Monkey Model using Magnetic
Resonance Spectroscopy (MRS) - A Pilot Study (Study # ISA02-08) - In
comparison to CsA (25 mg/kg/day)-treated animals, the kidneys from ISATX247 (50
mg/k/day)-treated monkeys showed favorable preservation of mitochondrial Krebs
cycle activity. Subsequently, kidneys exposed to ISATX247 showed less activation
of cytosolic glycolysis and glucose utilization, as typically seen during mitochondrial
dysfunction. Less renal lipid peroxidation was observed after treatment with
ISATX247 than with CsA. The data suggest that ISATX247 has lower potency to
cause mitochondrial dysfunction. However, it is not clear from the report how the
blood levels of ISA and CsA compared at the doses used.
Pharmacokinetics and Nephrotoxic Properties of ISATX247 in a Rabbit Model
(Study # ISA99-02) – New Zealand White rabbits were treated at 5 (2F), 10 (4M,
4F), 15 (4M, 4F), or 25 mg/kg/day (2M) ISATX247 IV for 7 days and SC for the
remaining 23 days. CsA (10 mg/kg; 6M) and vehicle (4M, 4F) were administered in
a similar fashion to ISATX247. Parameters evaluated included hematology and
clinical chemistry (Days 1, 15, and 30), histopathology (Day 31), and PK (Days 1
and 7).
The main findings in rabbits treated with ISATX247 included unscheduled
deaths of 3 animals (1 female at 15 mg/kg/day on Day 23, 2 males at 25 mg/kg/day
on Day 5 and Day 7) and decreased spermatogenesis at 15 mg/kg/day. The 15
mg/kg/day moribund female (animal # 44) had excessive diarrhea, weight gain,
enlargement of the mammary gland, subcutaneous edema from chin to hips, and
wasting of the muscles. High-dose male # 27 died in convulsions shortly after
receiving the IV injection (2 mL) of the test article on Day 5. Microscopic findings
included hemorrhage in the brain and lungs and a granular appearance in the
spleen and liver and atrophy of the seminiferous tubules. High-dose male # 28
exhibited a severe derangement of serum glucose and electrolyte levels and was
euthanized for humane reasons on Day 7. Following microscopic assessment of
the tissues, it was concluded that this rabbit was suffering from a metabolic
derangement that did not have any particular anatomic correlate. No adverse
findings were observed in animals treated with cyclosporine. At the NOAEL of 10
mg/kg/day, mean Cmax was 1434 µg/mL and mean AUC was 5033 µg•hr/mL on
Day 7.
4.3

Safety Pharmacology
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Cardiovascular Effects:
R04543856-000 (ISA247), R04597560-000 (Cis-isomer) & R04596211-000
(Trans-isomer); Evaluation of Actions on K+ Currents through Recombinant
Herg Channels Expressed in CHO Cells (Studies No. 7l5C02, 049C03 &
070C03) (Study # ISA03-14; non-GLP) – The IC50 values were 23, 72, and 43 µM
for mix-ISA247, cis-ISA247, and VCS, respectively.
RO4543856-000 (ISA-247): Evaluation of Actions on Action Potentials in
Isolated Rabbit Cardiac Purkinje Fibers (Study # ISA03-15; non-GLP) - ISA
247 (0.01–10 µM) caused a modest slowing of Vmax (25%) at 10 µM (actual
concentration of 3.3-6.1 µM) at a frequency of 2 Hz. As noted by the sponsor, the
results suggest that ISA-247 may produce ventricular conduction abnormalities in
vivo (QRS-prolongation) if free myocardial concentrations reached levels above ~3
µM (3,640 ng/mL). ISA-247 had no effect on APD90 and was not associated with
the induction of early-after-depolarizations (EADs).
ISATX247 - Effects on Arterial Blood Pressure, Heart Rate and
Electrocardiogram, following Oral Administration in the Conscious
Cynomolgus Monkey Monitored by Telemetry (Study # ISA02-07) – Six female
monkeys received mix-ISA247 at oral (naso-gastric intubation) doses of 0, 20, 60,
and 200 mg/kg in a cross-over design with a minimum of 3-days washout period.
(b) (4)
(b)
The vehicle consisted of vitamin E-TPGS/MCT oil/Tween 40/ (4) % ethanol
. Six weeks after the first administration, animals received an additional
administration of vehicle and 200 mg/kg ISATX247 in order to confirm previous
effects (QT prolongation). Measurements were carried from 2 hrs pre-dose to 24
hrs post-dose.
At 200 mg/kg (both first and second administration), there was a slight
decrease in body temperature (0.3-0.6oC) 2-6 hrs postdose. A lengthening of QT
and QTc intervals, whatever the correction formula, was suspected between 2-6
hrs following the first 200 mg/kg administration. After the second administration of
200 mg/kg, the effect on QT prolongation was statistically confirmed. The average
prolongation of QTc was 43 ms (Bazett’s correction) and 34 ms (Fridericia’s
correction). After the second administration at 200 mg/kg, a statistically significant
increase in arterial blood pressure (~10 mm Hg) mainly between 2-4 hrs post-dose
was observed. A similar tendency was observed after the first 200 mg/kg
administration but the effect did not reach statistical significance. The Tmax ranged
from 2-4 hrs. The mean Cmax values were 32.3, 275, and 605 ng/mL and AUC0-24hr
values were 368, 2722, and 6702 ng•hr/mL at 20, 60, and 200 mg/kg, respectively.
The NOAEL was 60 mg/kg.
R04543856-000; R04597560-000; R04596211-000 Effects on Arterial Blood
Pressure, Heart Rate and Electrocardiogram, Following Oral Administration
in the Conscious Cynomolgus Monkey Monitored by Telemetry (AT 7976)
(Study # ISA03-02) - Six monkeys (3/sex) received oral (naso-gastric intubation)
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doses of 200 mg/kg of each test article with a minimum of 3-days washout period.
R04543856-000, R04597560-000, R04596211-000 refers to mix-ISA247, cis
isomer, and trans-isomer (VCS), respectively. The vehicle consisted of vitamin E
(b)
(b) (4)
TPGS/MCT oil/Tween 40/ (4) % ethanol
Measurements were
carried from 2 hrs pre-dose to 24 hrs post-dose.
QT and QTc were prolonged with all test articles beginning at ~1 hrs
postdose with a peak effect at 6 hrs postdose. The increase in QTc (Bazett’s;
Fridericia’s) was 46; 40, 41; 33, and 25; 18 ms for trans-ISA247, mix-ISA247, and
cis-ISA247, respectively. The data suggest the effects on QTc were slightly more
marked with trans-ISA247. Mix-ISA247 and trans-ISA247 induced a mild but
statistically significant decrease in body temperature (≤0.4oC). This decrease was
mainly observed beginning at ~2 hrs postdose with a peak effect at 6 hrs. Systemic
exposure (AUC) of trans-ISA247 was ~2x higher than that of the cis-ISA247 and
similar to that found in mix-ISA247. Individual Tmax ranged from 1-4 hrs. The mean
values are shown in the table below.

Table 3 : Pharmacokinetics Results after Exposure of Monkeys to 200 mg/kg Mix
ISA247, Cis-ISA247, or Voclosporin (Trans-ISA247)

Neurological Effects:
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Neuropharmacological Profile (NPP) of ISA247 in Rats (Study# ISA05-28) Male Sprague-Dawley rats (10 animals/group) were treated with a single oral
(gavage) dose of vehicle, or ISA247 at 2.5, 10, or 25 mg/kg. The vehicle consisted
(b)
of vitamin E-TPGS/MCT oil/Tween 40/ (4) % ethanol. Rats were observed for
neuropharmacological signs at 15, 30, and 45 min, 1, 2, 3, 4, and 24 hrs post-dose.
Body temperatures were measured at 120 min and 6 hrs post-dose. No
neuropharmacological effects were noted in any of the ISA247 dose groups
compared to the control group. Treatment with 25 mg/kg ISA247 resulted in 0.5°C
(p≤0.05) decrease in mean body temperature at 120 min post-dose but not at 6 h
post-dose.
Table 4: Effects on Body Temperature and Neurological Signs of ISA247 in Rats

However, given that temperatures similar to that observed at 25 mg/kg
ISA247 at 120 min were observed at 6 hrs postdose in all groups including control,
the toxicological relevance of the change is not clear. Therefore, treatment with
ISA247 at doses up to 25 mg/kg did not result in any neuropharmacological effects.
Pulmonary Effects:
The Effects of ISA247 on Respiration Rate and Tidal Volume in Sprague
Dawley Rats (Study # ISA05-29) – Male Sprague Dawley rats (8/group) were
administered a single oral (gavage) dose of 2.5, 10, or 25 mg/kg ISA247, or vehicle
(b)
(b) (4)
[vitamin E, TPGS, MCT oil, Tween 40/ (4) % ethanol
or 20 mg/kg
baclofen (positive control). Respiration rate and tidal volume were evaluated prior
to dosing and at 120 and 360 min post-dose. Compared to the vehicle control,
there was a slight decrease in respiration rate at all ISA247 doses at both 120 and
360 min postdose (Table 5). However, statistical significance was only reached at
25 mg/kg ISA247 (16% decrease) at 120 min postdose. The positive control
showed a significant decrease in respiration rate (59%) and an increase in the tidal
volume (147%) at 120 min postdose. Therefore, ISA247 slightly affected respiration
rates at all doses used.
Table 5: Effects of ISA247 and Baclofen on Respiration Rate in Rats

29
Reference ID: 4737856

Reviewer: María I. Rivera
Theresa Allio: Genetic and Reproductive Toxicity

(b) (4)

(b) (4)

Renal Effects:
Renal Effects of a Single Oral Dose of ISA247 in Rats (Study # ISA07-11) Male Sprague Dawley rats (10/group) were administered a single oral (gavage)
dose of 2.5, 10, or 25 mg/kg ISA247, or vehicle (vitamin E, TPGS, MCT oil, Tween
(b)
40/ (4) % ethanol). Urine was collected over a 4-hr period (±5 minutes) postdose.
Urine volumes, pH, urinary electrolytes (Na+, K+, and Cl ), specific gravity, and
proteins were analyzed. Blood was collected and urea nitrogen, creatinine and
proteins were measured.
Compared to the vehicle control group, there was a dose dependent
decrease in urine volume output (6, 16, and 25% at 2.5, 10, and 25 mg/kg
respectively). None of the decreases were statistically significant. The sponsor
selected the NOAEL as 25 mg/kg/day. Given the small magnitude of the change in
urine volume and the lack of an effect in the other parameters evaluated, the
reviewer concurs with the selected NOAEL.
5

Pharmacokinetics/ADME/Toxicokinetics

5.1

PK/ADME

Note: See Appendix A for the structures of ISA247 metabolites.
Absorption:
The Bioavailability of ISATX247 in a Rat Model (Study # ISA99-03) – SpragueDawley rats (18/sex/route) were given a single oral (gavage) or intravenous dose of
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the test article at a concentration of 10 mg/kg. Test article blood levels was
determined up to 24 hrs postdose by liquid chromatography-electrospray mass
spectrometry (LCMS). Oral bioavalability was 15% in males and 20% in females.
Exposure in females was lower than males (see table below).
Table 6: PK Parameters after Oral and IV Administration of ISATX247 to Male
and Female Rats

Voclosporin: A Single Dose Pharmacokinetic Study towards the
Determination of Absolute Bioavailability in Sprague-Dawley Rats (Study #
ISA08-15) – Voclosporin (5 mg/kg) was determined in whole blood following single
dose intravenous (IV) or oral (gavage) administration to Sprague-Dawley rats
(b)
(6/sex/group). The oral vehicle consisted of vitamin E-TPGS/ MCT oil/Tween 40/ (4)
% ethanol; the IV vehicle was PEG 200. Voclosporin levels were evaluated using a
validated on-line solid phase extraction Liquid Chromatography Mass
Spectrometric method.
Piloerection, loose feces, loss of limb function, and discolored red urine were
observed after IV administration; no clinical signs were observed after oral
administration. The absolute oral bioavailability was 7.6% (females) and 7.8%
(males). Cmax values in males were ~1.5x higher than that of females after IV
administration and AUC values in males were ~2x higher that that of females
following either IV or oral administration. Clearance of voclosporin in females was
approximately 2x that of males for either oral or IV administration. The Vd for
voclosporin was approximately 2x greater than total body water in males and 4x
greater in females indicating that voclosporin is extensively distributed outside the
blood volume and into the tissues.
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Table 7: Summary of PK Data after Oral an IV Administration of Voclosporin (5
mg/kg)

1-Day Oral Pharmacokinetic Study in Fasted Sprague-Dawley Rats With
Vitamin E Free ISA247 Formulations (Study # ISA05-04) - The purpose of this
pilot study was to compare the pharmacokinetics of 3 different formulations of
ISA247 (voclosporin), which do not contain vitamin E, with the standard formulation
(b) (4)
vit E TPGS). ISA247 was administered as a single 5 mg/kg dose, by oral
gavage, to male Sprague-Dawley rats (8/group). Whole blood samples were
collected at 1, 2, 3, 4, 6, 9, and 24 hrs post dose. The concentrations of ISA247 in
whole blood samples were analyzed by a validated Liquid ChromatographicElectrospray Ionization Mass Spectrometric method (LC-ESI-MS).
The formulation composition was the following:
Formulation A:
Vit E TPGS:

(b) (4)

Tween 40:

(b)
(4)

% Ethanol

(b) (4)

Formulation B:
Formulation C:

(b) (4)

Tween 40:

% Ethanol
(b) (4)
% Ethanol:
(b) (4)

(b) (4)

(b) (4)

Formulation D:

% Ethanol:

(b) (4)

Formulation B provided comparable exposure to that of the standard ISA247
formulation (formulation A).The PK results are summarized in the following table:
Table 8: Summary of PK Data after Dosing with the Standard ISA247 Formulation
or ISA247 Formulations without Vit E
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Repeat Dose (10-Day) Oral Pharmacokinetic Study in Fasted Sprague-Dawley
Rats with a Vitamin E Free ISA247 Formulation (Study # ISA05-08) – This study
was conducted to compare the pharmacokinetic profiles of ISA247 and CsA in a
vitamin E free oral formulation (Formulation B above; Study # ISA05-04). ISA247 or
CsA was administered once a day by oral gavage to rats (12/sex/group) at a dose
of 25 mg/kg/day for 10 days. Whole blood samples were collected at 1, 2, 3, 4, 6, 9,
and 24 hrs post dose. The concentrations of ISA247 in whole blood samples were
analyzed by a LC-ESI-MS.
After oral administration of 25 mg/kg/day ISA247, males showed AUC0-24hr
values ~3x higher than females. In addition, CsA showed AUC0-24hr values 2.4x
(males) or 3.5x (females) higher than ISA247. These results indicate that identical
doses of CsA and ISA247 will not lead to similar whole blood exposure when using
a vitamin E free formulation.
A 10-Day Repeat Dose Oral Gavage Toxicokinetic Study of ISA247 in Rats
(Study ISA05-10) - The objective of the study was to compare the toxicokinetic
profiles of ISA247 Vit E free formulation (Formulation B above; Study # ISA05-04)
and ISA247 standard Vit E-containing formulation when administered orally by
gavage to rats (9/sex/group) for 10 days, and to aid in dose selection for a 90-day
repeat-dose study. ISA247 in the Vit E-free formulation was administered at doses
of 2.5, 10, and 25 mg/kg/day; ISA247 the standard Vit-E containing formulation was
administered at 25 mg/kg/day. Whole blood samples were collected on Days 0 and
9. The concentrations of ISA247 in whole blood samples were analyzed by a LC
ESI-MS.
Exposure to ISA247 at 25 mg/kg/day was comparable in both formulations in
male rats on Days 0 and 9 (AUC0-24hrs of 30,883 ng•hr/mL and 31,710 ng•hr/mL on
Day 9 in the Vit E-free and Vit E-containing formulations, respectively). For female
rats, ISA247 exposure in the Vit E-containing formulation was 57% and 68% of the
Vit E-free formulation on Days 0 and 9, respectively. Additionally, with both
formulations, males had greater exposure (≤3x) to ISA247 than females. ISA247
(with or without vitamin E) cause only slight reductions in body weight and food
consumption at 25 mg/kg/day and this dose was selected for use in the 13-week
repeat dose study with the Vit E-free formulation.
ISATX247 and Cyclosporine A: A 10-Day Comparative Oral Pharmacokinetic
Study in Sprague-Dawley Rats (Study # ISA01-17) – The objective of the study
was to compare the pharmacokinetic profiles of ISATX247 and CsA when
administered once daily, by oral gavage, to Sprague-Dawley rats (10/sex/group) for
a period of 10 consecutive days. Doses of 2.5, 5, 10, 25, 40, and 80 mg/kg/day
were administered for ISATX247 and doses of 2.5, 5, 10, and 25 mg/kg/day for CsA.
The vehicle consisted of vitamin E-TPGS/MCT oil/Tween 40 (b) (4) % ethanol. Two
additional groups were administered CsA in a commercial vehicle (Neural®) at
doses of 40 and 80 mg/kg/day. Blood samples were collected on Days 1 and 10
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and were analyzed by a validated High Performance Liquid Chromatography-Mass
Spectrometric (LCMS) method.
Rats receiving ISATX247 had less systemic exposure (AUC0-∞) than the rats
receiving CsA in the same vehicle (37-69%) at doses of 2.5-25 mg/kg/day. This
was also observed for peak blood concentrations where the Cmax for ISATX247 was
44-78% of CsA except for comparable Cmax at 10 mg/kg/day. The AUC for
ISATX247 was also less (25-40%) than that observed for CsA in the commercial
vehicle (Neoral®) at doses of 40 and 80 mg/kg/day.
Voclosporin: An Oral Pharmacokinetic/Metabolite Study in Sprague-Dawley
Rats (Study # ISA08-14) – The pharmacokinetic and metabolite profile of
voclosporin (ISA247) in whole blood was determined following single or 10-day
repeated oral (gavage) dose of 2.5 or 25 mg/kg to Sprague-Dawley rats (6
(b)
9/sex/dose). The vehicle consisted of vitamin E-TPGS/MCT oil/Tween 40/ (4) %
ethanol. Concentrations of voclosporin and selected metabolites [IM9, IM4, IM4n,
IM1-Diol-1, IM1w, and IM1c(R)] in whole blood samples were analyzed by validated
Liquid Chromatographic-Electrospray Ionization Mass Spectrometric (LC-ESI-MS)
or Liquid Chromatographic-Electrospray Ionization Tandem Mass Spectrometric
methods (LC-ESI-MS-MS).
Based on AUC0-24hr and Cmax, exposure to voclosporin was uniformly greater
than exposure to its measured metabolites. An examination of metabolite
exposures at the 25 mg/kg/day dose showed the greatest AUC0-24hr was observed
with IM9 (8042 ng•hr/mL in males vs. 5283 ng•hr/mL in females on Day 10)
followed by IM4 > IM4n > IM1-Diol-1≈ IM1w > IM1c(R). Based on AUC0-24hr, male
rats experienced higher (≤3x) VCS exposure than females. At 25 mg/kg/day on
Day 10, AUC0-24hr was 25,344 ng•hr/mL in males and 8,253 ng•hr/mL in females.
In addition, females had a higher metabolite/voclosporin ratio using AUC0-24hr
compared to males. The major metabolites observed in humans (IM9, IM4n, IM1
Diol-1) were quantifiable in this rat study.
VCS Tmax was 2 hrs and the t1/2 values ranged between 6.1-8.7 hrs on Day 1
and 10 combined. The metabolites Tmax was also 2 hrs and the t1/2 values ranged
from 2.6-6.8 hrs.
Voclosporin and Mix-ISA247: A 10-Day Oral Pharmacokinetics Comparative
Study in New Zealand White Rabbit (Study # ISA08-26) – Female New Zealand
(b) (4)
(b) (4)
% cis
White rabbits (4/group) were given voclosporin (
% trans-isomer,
(b) (4)
(b) (4)
isomer) or mix ISA247 (
% trans,
% cis) as an oral (gavage) dose of 20
mg/kg/day
for
10
days.
The
vehicle
consisted
of vitamin E-TPGS/MCT oil/Tween
(b) (4)
40/
% ethanol. Concentrations of each isomer and selected voclosporin
metabolites [IM9, IM4, IM4n, IM1-Diol-1, IM1w, and IM1c(R)] were determined in
whole blood samples on Days 1 and 10. Concentrations of the cis- and transisomers were analyzed by a validated Liquid Chromatographic-Atmospheric
Pressure Chemical Ionization Mass Spectrometric (LC-APCI-MS) method.
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Concentrations of VCS metabolites were analyzed by a validated Liquid
Chromatographic-tandem Mass Spectrometric (LC-MS-MS) method.
Based on AUC0-24hr and Cmax, exposure to the trans-isomer was greater than
exposure to the cis-isomer after both voclosporin and mix-ISA247 administration.
On Day 10, the trans-isomer accounted for 68% (573 ng•hr/mL) of the total AUC0
24hr following mix-ISA247 administration and 96% (902 ng•hr/mL) of the total AUC0
24hr following voclosporin administration. On Day 10, metabolite exposures for mix
ISA247 showed highest AUC0-24hr with IM9 (190 ng•hr/mL) followed by IM1-Diol-1 >
IM1c(R). For voclosporin, the highest AUC0-24hr was observed with IM9 (230
ng•hr/mL) followed by IM1-Diol-1 > IM1c(R) > IM1w> IM4n. The major metabolites
observed in humans, IM9 and IM1-Diol-1, and trace amount of IM4n were also
observed in this rabbit study.
On both Day 1 and 10, the Tmax was 4 hrs for both the cis and trans isomers
after administration of VCS. After administration of mix-ISA247, the Tmax for both
isomers was 1 hr on Day 1 and 4 hrs on Day 10. The observed metabolites had a
Tmax of 4 hrs on both days.
Voclosporin: A 10-Day Oral Pharmacokinetic/Metabolite Study in
Cynomolgus Monkeys (Study # ISA08-13) – Monkeys (2/sex/dose) were given
vocloporin (ISA247) orally (gavage) at a dose of 40 or 150 mg/kg/day for 10 days.
(b) (4)
The vehicle consisted of vitamin E-TPGS/MCT oil/Tween 40/
% ethanol. Blood
samples were collected on Days 1 and 10. Concentrations of voclosporin and
selected metabolites [IM9, IM4, IM4n, IM1-Diol-1, IM1w, and IM1c(R)] in whole
blood samples were analyzed by validated Liquid Chromatographic Mass
Spectrometric methods.
Based on AUC0-24hr and Cmax, exposure to voclosporin was higher than
exposure to its metabolites. On Day 1, the highest AUC0-24hr was observed with IM9
followed by IM1-Diol-1 > IM4n > IM1w > IM4 > IM1c(R) at both doses. On Day 10,
the greatest AUC0-24hr was observed with IM9 and IM1-Diol-1, which demonstrated
similar exposure. This was followed by IM1w > IM4n ~ IM4 > IM1c(R) at both
doses. In contrast to findings in the rat, AUC0-24hr in female monkeys was higher
than in males. The AUC for VCS and percentage of parent for each metabolite is
shown in the table below. Metabolites IM1-Diol-1 and IM9 were present at levels
above 10% of parent. The Tmax for VCS ranged from 2.5-4 hrs. The metabolites
showed comparable Tmax except for IM1-Diol-1 (3-15 hrs) and IM1w (2.5-13 hrs).
The t1/2 for VCS ranged from 5.4-13 hrs. The metabolites showed shorter or
comparable t1/2 except for IM1-Diol-1 (11.1-42.5 hrs) and IM1w (12.9-27 hrs).
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Table 9: AUC of Voclosporin and its Metabolites and Metabolite Percentage of
Parent

Distribution and Excretion:
Human Whole Blood Distribution of ISATX247: Red Blood Cell to Plasma Ratio
of ISATX247, Temperature Equilibration Studies (Study # ISA00-26) – After
incubation for 20-120 min at 37°C, the RBC/plasma ratios (2.0-2.8) were
independent of ISATX247 concentration, or length of incubation time, over the
ranges studied (50-2000 ng/mL). The RBC/plasma ratios for all concentrations of
ISATX247 held at 4°C and 22°C (without 37°C equilibration) were significantly
higher, 10.4-13.5 and 6.8-19.7, respectively.
Human Whole Blood Distribution of Voclosporin (VCS): The Effect of
Temperature and Concentration on the Plasma to Red Blood Cell Distribution
of Voclosporin (Study # ISA09-26) – Voclosporin (VCS) distribution between
whole blood and plasma varied depending on the temperature studied (0.9-1.4 at
4oC, 5.1-6.3 at 22 oC, and 0.9-2.0 at 37 oC). For the blood equilibrated at 4°C, the
RBC/plasma ratios slightly increased from 0.9-1.4 as VCS concentration increased
from 10-600 ng/mL. However, for the blood previously equilibrated at 22°C, the
ratios decreased from 6.3-5.1 indicating more VCS distributed in plasma as
concentration increased. The data from this experiment demonstrates that VCS
partitions preferentially into red blood cells. Therefore, the results of this study and
Study # ISA00-26 above support whole blood is the most appropriate matrix to
study.
In Vitro Protein Binding of Voclosporin in Mouse, Rat, Rabbit, Dog, Monkey
and Human Plasma (Study # ISA08-29) – The plasma protein binding of
voclosporin in all six species was high and similar across the concentrations
studied. The average percent bound values were 98.31% and 97.60% for mouse
and monkey at 50-1000 ng/mL, 98.34% and 97.77% for rat and dog at 50-2000
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ng/mL, 97.35% for rabbit at 20-200 ng/mL, and 96.97% for human at 50-800
ng/mL.
Pharmacokinetics, Tissue Distribution, and Mass Balance of [3H]ISATX247
Following Oral Administration to Male and Female Sprague-Dawley Rats
(Study # ISA00-25) - Sprague-Dawley rats were given a single oral (gavage) dose
of 25 mg/kg [3H]ISATX247. Three animals/gender were sacrificed at 1, 2, 4, 8, 12,
24, 48, and 72 hrs post-dose. Radioactivity was measured in selective tissues,
urine, feces, and blood. The main findings are the following:
Blood:
Blood Tmax = 4 hrs for both genders
Apparent biexponential decline
Blood terminal t1/2 = 11.4 hrs (males) and 10.3 hrs (females)
Mean resident time = 15.0 hrs (males) and 17.9 hrs (females)
Volume of distribution (Vz/F) = 30.1L/kg (males) and 33.6 L/kg (females)
Cmax = 1.11 ± 0.10 µg-eq./g (males) and 0.83 ± 0.2 µg-eq./g
AUC0-∞ = 13.6 µg-eq.-hr/g (males) and 11.0 µg-eq.-hr/g (females)
Tissues:
Wide tissue distribution
Tissue Tmax = Mostly 4-8 hrs for both genders
Highest values associated with the stomach (292 µg-eq./g for males and 353
µg-eq/g for females, respectively)
Levels of > 30 µg-eq./g in all tissues of the GI tract
The majority of tissues had Cmax ranging from 1-8 µg-eq./g
Liver Cmax = 11.58 ± 1.03 µg-eq./g; kidney Cmax 5.75 ± 0.65 µg-eq./g; eyes
Cmax = 1.93 ± 3.10 µg-eq./g in males
Liver Cmax = 10.62 ± 2.45 µg-eq./g; kidney Cmax 4.21 ± 1.68 µg-eq./g; eyes
Cmax = 1.22 ± 1.10 µg-eq./g in females
Cmax was lowest (<0.5 µg-eq./g) in cerebral cortex, cerebellum, and midbrain
for males and females, and in testes
Tissues elimination t1/2 : Half-lives associated with tissues of the GI tract
were generally around 10 hrs, similar to that observed for blood. Half-lives
for a majority of other tissues were within the range of ~10-20 hrs. A smaller
set of tissues exhibited t1/2 in the range of ~20-40 hrs, including reproductive
tissues, eyes, heart, and skeletal muscle, and a few tissues had half-lives
>35 hrs, such as cerebellum and cerebral cortex.
Excretion:
Feces - Primary route or elimination (mean total of 97.02% and 88.92% of
the dose recovered in feces for males and females, respectively)
Urine - Minor route of excretion (mean total of 4.98% and 6.32% recovered
in urine for males and females, respectively)
Time for total radioactivity excretion - Large majority of radioactivity excreted
within 24 hrs and appeared to be essentially complete by 48-72 hrs
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[14C]ISA247 Absorption, Distribution, Metabolism, and Excretion Studies in
the Rat after a Single Oral (Gavage) Dose (Study # ISA05-18) – A single oral
dose of 5 mg/kg [14C]ISA247 was administered to male and female albino
(Sprague-Dawley strain) rats and partially pigmented (Lister Hooded strain) male
rats. Two animals/gender were sacrificed at 1, 2, 4, 8, 12, 24, 48, and 72 hrs postdose (albino rats) and 1 male at 1, 2, 4, 8, 24, 72, 240, 336 and 504 hrs (pigmented
rats) for evaluation of tissue distribution in selected tissues. In parallel groups,
radioactivity was measured in bile, urine, feces, and blood by liquid scintillation
counting (LSC). In addition, the metabolite profiles in urine, bile, and whole-blood
from the albino rats was assessed by HPLC. The main findings are the following:
Blood concentrations of radioactivity after oral administration to albino
rats:
Tmax = 3 hrs in males and at 2 hrs in females
Apparent biphasic decline
Cmax = 565 ± 81 ng-eq./mL (males) and 455 ± 16 ng-eq./mL (females)
AUC0-t in males (4220 ng-eq.-hr/mL) > females (3030 ng-eq.-hr/mL)
At 24 hrs post dose, 4.6% (males) and 2.7% (females) of the observed Cmax
value (26.2 and 12.5 ng-eq./mL, respectively) still present
Mean concentrations of total radioactivity still measurable at the final
sampling time (72 hrs); 8.23 (males) and 5.56 (females) ng-eq./mL.
Terminal t1/2 shorter in males (29 hrs) than in females (41 hrs) (The sponsor
caution the t1/2 estimates must be taken with caution because the data did
not meet all acceptance criteria.)
Tissue distribution in albino rats
Wide tissue distribution
The highest concentrations of radioactivity generally associated with the
gastrointestinal tract (Cmax of 21 and 17 µg-eq/g in males and females,
respectively), liver (Cmax of 3.39 µg-eq/g in both males and females), and
kidney (Cmax of 1.57 and 1.15 µg-eq/g in males and females, respectively)
Relatively high levels (Cmax ≤1.58 µg-eq/g) also in the pancreas, thyroid,
spleen, adrenals, and mesenteric lymph node in both males and females
Radioactivity concentrations in the brain (Cmax ≤0.044 µg-eq/g) and spinal
cord (Cmax ≤0.054 µg-eq/g) were low in both sexes
Radioactivity concentrations in the therapeutic target tissue (eye) was low in
both males (Cmax = 0.050 µg-eq/g) and females (Cmax = 0.036 µg-eq/g)
Radioactivity concentrations in the female sexual organs (Cmax ≤1.57
µg-eq/g) were notably higher than those measured in male sexual organs
(Cmax ≤0.173 µg-eq/g). At 72 hrs (the final sampling time), most tissues were
below the lower limit of quantification (0.025 µg-eq/g). Low levels of
radioactivity were still noted in the liver, kidney, exorbital and intra-orbital
lacrimal glands, pancreas, thymus, testis, and large intestinal wall in males
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and liver, kidney, exorbital lacrimal glands, and pancreas in females. The
radioactivity in these tissues was ≤ 0.1 except for the exorbital and intraorbital lacrimal glands in males (0.192 and 0.137 µg equivalents/g,
respectively).
Tissue distribution in pigmented rats
Concentrations of radioactivity in whole blood and the sampled
organs (kidneys, liver, eyes, and skin) of pigmented rats were generally
similar to those in the corresponding tissues of albino rats at the
corresponding times.
Excretion of radioactivity:
Feces - Primary route or elimination (mean total of 95% and 97% of the dose
recovered in feces for males and females, respectively) up to 168 hrs
postdose
Urine - Minor route of excretion (mean total of 1.25% and 1.75% recovered
in urine for males and females, respectively)
Time for total radioactivity excretion - Large majority of radioactivity (98% for
males and 99% for females) excreted within 48 hrs and appeared to be
essentially complete by 168 hrs (as less than 0.1% dose present in the final
daily excreta samples collected)
Excretion of radioactivity in bile-cannulated rats:
Mean totals of 2.50% and 5.14% of the dose were excreted in bile by
male and female rats respectively. Overall, approximately 3% and 6% of an
oral dose of [14C]ISA247 given to male and female bile duct-cannulated rats
respectively was absorbed from the gastrointestinal tract and excreted in bile
and urine. The concentrations of radioactivity in bile were close to the total
dose absorbed indicating that biliary excretion is an important route of
elimination for absorbed drug. However, the sponsor cautioned that similar
to cyclosporine, ISA247 may be dependant on bile for absorption.
Metabolic profiling:
In whole-blood, unchanged [14C]ISA247 represented > 50% of total
drug-related material throughout the first 24 hrs postdose. One major (up to
about 25% of sample radioactivity; IM9) and two minor (<10%; IM4n and an
isomer of IM9) radioactive components were also present in the systemic
circulation.
Chromatography of urine and bile revealed up to 11 and 12
radioactive components, respectively, including ISA247. All these
components were found in low levels (≤0.23% of the dose). M1 and M2
correspond to two unidentified polar metabolites. In bile, in addition to IM9

39
Reference ID: 4737856

(b) (4)

Reviewer: María I. Rivera
Theresa Allio: Genetic and Reproductive Toxicity

(and isomers), hydroxylated metabolites of IM4n were detected.
Dihydroxylated metabolites of ISA247 also were identified and more isomers
appeared to be present in the bile from the female rats than the male rats.
An isomer of IM4n was also identified.
[14C]Voclosporin Pharmacokinetics, Distribution, and Excretion Studies of
[14C]Voclosporin in the Cynomolgus Monkey after a Single Oral (Gavage)
Dose (Study # ISA08-01) – Monkeys (2/sex/group) were given a single oral
(gavage) dose of 40 mg/kg [14C]ISA247 (voclosporin). Whole-blood, excreta, and
urine were obtained at specified times up to 168 hrs post-dose. For evaluation of
tissue distribution, selected tissues and organs were removed at 2 hrs (one male
and one female), 24 hrs (one male), and 168 hrs (one female) post-dose.
Radioactivity concentrations were measured by LSC and the concentrations of
parent drug were measured by LC-MS-MS; note the method did not differentiate
between the cis- and trans-isomers of voclosporin).
Blood concentrations of radioactivity:
No notable gender differences in blood radioactivity concentrations
Tmax = 2-3 hrs
Mean Cmax = 549 ng-eq./mL (males) and 472 ng-eq./mL (females)
AUC0-24hrs = 4255 ng•hr/mL (males) and 3760 ng•hr/mL (females)
Blood levels of radioactivity at 24 hrs postdose: 15% (males) and 13%
(females) of Cmax
Radioactivity was still measurable at the final sampling time (168 hrs postdose); 27.4 ng-eq./mL (5% of Cmax) in males and 20.9 ng-eq./mL (4.4% of
Cmax) in females
Terminal t1/2 = ~160-560 hrs (could not be accurately estimated in any
animal as the data failed to meet the acceptance criteria)
Blood concentrations of VCS:
Tmax = 2-3 hrs
Mean Cmax = 204 ng-eq./mL (males) and 154 ng-eq./mL (females); ~30 –
40% of total radioactivity
AUC0-24hrs = 1580 ng•hr/mL (males) and 1185 ng•hr/mL (females)
Still detectable at the final sampling time (24 hrs postdose); 20.5 ng/mL
(10% of Cmax ) in males and 8.5 ng/mL (6% of Cmax) in females, respectively
Terminal t1/2 = 6-9 hrs
CL = 14.7-28.4 L/hr/kg
Apparent Vd = 189-328 L/kg [higher than the reported total body water
volume of monkeys of 0.693 L/kg (Davies and Morris)]
Excretion of radioactivity:
Feces - Primary route or elimination (mean total of 79% and 77% of the dose
recovered in feces for males and females, respectively) up to 168 hrs
postdose
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Urine - Minor route of excretion (mean total of 0.76% and 1.87% recovered
in urine for males and females, respectively)
Time for total radioactivity excretion - Majority of radioactivity (78% for males
and 75% for females) excreted in feces within 48-72 hrs. At 168 hrs
postdose, radioactivity was still detected, although in low levels, primarily in
feces (0.22-0.59% of the dose).
Biliary excretion was assessed as contents of the gallbladder in the tissue
distribution part of the study (see below). As noted by the sponsor, the high
concentrations of radioactivity in bile indicate that biliary excretion of absorbed dose
is an important route of elimination for this drug. Thus, fecal radioactivity is likely to
reflect both non absorbed dose and absorbed dose that was subsequently excreted
via the bile.
Tissue distribution:
Rapid and wide tissue distribution
Maximal concentrations occurred in the majority of tissues/organs at 2 hrs
postdose, except for mammary glands and skin (pigmented and nonpigmented) which had higher levels at 168 hrs postdose
Highest concentrations or radioactvity in the walls of the gastrointestinal tract
(60,200-142000 ng-eq./g) > bile (48700-91800 ng-eq./g) >liver (6700-11800
ng-eq./g) > aorta (5660 ng-eq./g female only) > lymph node (mesenteric;
2070-2880 ng-eq./g) > kidney (949-1440 ng-eq./g)
Consistently high concentrations also in the lungs, spleen, pancreas,
pituitary gland, salivary gland, and adrenal glands (300-806 ng-eq./g)
Low radioactivity in brain (131-135 ng-eq./g), spinal cord (70-85 ng-eq./g),
and cerebrospinal fluid (44-41 ng-eq./g)
Low radioactivity concentrations in the therapeutic target (eye) was in both
males (Cmax = 48.4 ng-eq/g) and females (Cmax = 47.3 ng-eq/g)
At 168 hrs postdose, radioactivity (ranging from 23.1 ng-eq/g in the spinal
cord to 1070 ng-eq/g in the gall bladder) was still measurable in essentially
all the tissues and whole-blood (except for the eyes and cerebrospinal fluid,
where no radioactivity was detected at 168 hrs postdose)
Placental Transfer and Milk Transfer of Radioactivity in Rats Following a
(b) (4)
420696) – Pregnant
Single Oral Gavage Dose of [14C]Voclosporin (Study #
(15 females) and lactating (15 females) were administered 2.5 mg/kg/day
[14C]voclosporin on Day 19 of gestation or on Day 10 post partum, respectively. A
single pregnant or lactating rat was not treated and served as controls.
Radioactivity concentrations in maternal blood, plasma, and milk, and maternal,
fetal and neonatal tissues were determined.
The exposure in maternal plasma and blood were 0.110 and 0.232 µg
eq/mL (Cmax) and 1.22 and 2.38 µg-eq•hr/mL (AUC0-last), respectively. In fetal blood,
exposure was below the lower limit of quantification (0.009 µg-eq/g; 0.009 µg
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eq/mL). Radiolabeled material was observed in fetal tissues (Table 10) suggesting
that dose-related material had crossed the placental barrier, although distribution
was slow and limited and the levels in fetal carcasses were low. As % of dose,
radioactivity levels were ≤0.007% in the fetal tissues and ≤0.010% in pooled whole
blood (3 fetuses).
Table 10: Pharmacokinetics of the Total Radioactivity in Maternal and Fetal
Tissues of Female Sprague-Dawley Rats (Placental Transfer)

After oral administration, maternal milk Cmax and AUC0-last (8 hrs) were 0.239
µg-eq/g and 1.43 µg-eq•hr/g, respectively. In fetal blood, exposure was below the
lower limit of quantification (0.008 µg-eq/g; 0.008-0.009 µg-eq/mL). Dose-related
material was observed in milk of lactating females and in the stomach contents and
carcasses of male and female pups (Table 11).
Table 11: Group Mean Radioactivity Content in Neonatal Tissues of SpragueDawley Rats (Milk Transfer)

These results suggest that the dose-related material administered to the
dams was transferred to the pups via the milk and subsequently absorbed from the
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gastrointestinal tract of the pups. The levels of radiolabeled material in neonatal
carcasses were low. There was no apparent difference in the absorption or
distribution of dose-related material between the male and the female pups.
Metabolism:
Metabolism of Voclosporin: Identification, Biosynthesis, and Synthesis of the
Phase I Oxidative Metabolites (Study # ISA09-10) – VCS was metabolized to a
number of oxidative metabolites in human liver microsomes (IM4n > IM9 > IM1
Diol-1 > IM1c(R) > IM4). There was a difference in the metabolic profile between
VCS and CsA. With VCS, metabolism has been shifted away from amino acid 1.
The metabolic profile of VSC was also investigated in human whole blood. The
main oxidative metabolites were observed were IM9 > IM4n > IM1-Diol-1 > IM4n9 >
IM1w > IM4 > IM1c(R). Thus similar metabolites to those identified in the
microsomes were observed in human whole blood plus 2 additional metabolites
(IM4n9 and IM1w).
From these results, VCS metabolism was broken into 2 segments. The first
is cytochrome P450 oxidation of amino acids, other than amino acid 1, to yield the
quantifiable metabolites IM9, IM4 and IM4n. The second is cytochrome P450
oxidation of amino acid 1 to generate the quantifiable metabolites IM1-Diol-1, IM1c
(R), and IM1w.
The Metabolism of ISATX247 and Cyclosporine in Pooled Human Liver
Microsomes (Study # 00-03) – The metabolites of ISATX247 identified after 20 min
incubation in human liver microsomes were AM4n > AM9 > AM1-Diol > AM1c-1 >
AMX > AM1c-2. After incubation with CsA, the metabolites identified were AM1 >
AM9 > AM19 > AM1c > AM4n.
Qualitative Comparison of the In Vitro Metabolic Profile of ISA247-(mix), Cis
ISA247, and Trans-ISA247 Following Incubation in Human Liver Microsomes
and Human Hepatocytes and a Quantitative Comparison of the Inhibition of
CYP3A4, CYP2D6, and CYP2C9 by ISA247-(mix), CIs-lSA247, and Trans
ISA247 (Study # ISA03-06) - ISA247 was metabolized to nine and eight major
oxidative metabolites in human liver microsomes and human hepatocytes,
respectively. All the metabolites observed with either of the pure isomers (cis- or
trans-ISA247) were observed in incubations with ISA247-(mix). The most notable
difference in metabolism between ISA247-(mix), cis-lSA247, and trans-ISA247
occurred at amino acid 1. Specifically, IM1-Diol-I, IM1-Diol-2, and IM1-Diol-3 were
formed with ISA247-(mix). However with cis-ISA247 only IM1-Diol-2 and IM1-Diol-3
were formed, while trans-ISA247 only formed IM1-Diol-1. Three metabolites
showed differences between microsomal and hepatic preparations, i.e., 1M1c-2
and IMXn-2 were observed only in micrososmes whereas IMXXn only observed in
hepatocytes. Vmax calculations in microsomal incubations showed the main
metabolites for all 3 ISA247 test articles were IMXn-2 and IM9 (4.3-4.8 and 3.6-4.2
pmole/mg protein*min, respectively).
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Evaluation of the formation of Phase II metabolites in human hepatocytes
showed no Phase II metabolites. ISA247-(mix), cis-ISA247, and trans-ISA247
inhibited CYP3A4 with IC50 values of 10.7, 9.4, and 8.2 µM, respectively. These
values were similar to the IC50 value of 10.5 µM observed with CsA. None of the
ISA247 test articles inhibited CYP2D6 or CYP2C9.
Investigative Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Human Liver Microsomes (Study # ISA08-34) - VCS, mix-ISA247, and cis
ISA247 were metabolized to 2 major oxidative metabolites in human liver
microsomes (IM4n and IM9) at velocities (6.3-9.2 pmol/mg protein*min) at least 2x
that of the other metabolites quantified (0.3-3.0 pmol/mg protein*min). All
metabolites produced from either VCS or cis-ISA247 were also produced from mix
ISA247.
Table 12: Metabolite Concentration (µM) for Voclosporin, Mix-ISA247, and Cis
ISA247 in Human Liver Microsomes

As noted in Study # ISA03-06, a notable difference in metabolism between
VCS, mix- ISA247, and cis-ISA247 occurred at amino acid 1. Specifically, with mix
ISA247, IM1-Diol-1, IM1-Diol-2, and IM1-Diol-3 were formed. Cis-ISA247
preferentially formed IM1-Diol-2 and IM1-Diol-3 while VCS preferentially formed
IM1-Diol-1.
As noted in the study report, the results indicate that the pathways for VCS,
mix-ISA247, and cis-ISA247 metabolism include hydroxylation and oxidative N
demethylation of non-amino acid 1 residues and epoxidation and hydrolysis of the
terminal double bond of amino acid 1 to form the metabolites IM1-Diol-1, IM1-Diol
2, IM1-Diol-3, IM1c (R), and IM1c (S).
Identification of the Cytochrome P450 Enzymes Responsible for the
Metabolism of ISATX247 in Human Liver Microsomes (Study # ISA01-06) – The
major CYP450 involved was CYP3A4/5. Addition of ketoconazole (CYP3A4/5
inhibitor) caused on average, an 85% decrease in the concentrations of all
ISATX247 metabolites.
Investigating the Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Rat Liver Microsomes (Study # ISA09-12) - The metabolic profile of each drug
was similar to that observed in human liver microsomes (Study # ISA08-34) with a
difference being in the quantity of metabolites formed (Table 13). Regarding
metabolism at amino acid 1, mix-ISA247 formed IM1-Diol-1, IM1-Diol-2, and IM1
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Diol-3. Cis-ISA247 preferentially formed IM1-Diol-2 and IM1-Diol-3 while VCS
preferentially formed IM1-Diol-1. The metabolite generated with the greatest
velocity was IM9 (Vmax = 1.15-1.87 pmol/mg protein*min). The other metabolites
showed Vmax values ranging from 0.02-0.22 pmol/mg protein*min (IM1-Diol-2) to
0.37-1.09 pmol/mg protein*min [IM1c (R)], depending on the test article evaluated.
Table 13: Metabolite Concentration (µM) for Voclosporin, Mix-ISA247, and Cis
ISA247 in Rat Liver Microsomes

Investigating the Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Monkey Liver Microsomes (Study # ISA09-22) - The metabolic profile of each
drug was similar to that observed in human liver microsomes (Study # ISA08-34)
with a difference being in the quantity of metabolites formed (Table 14). Regarding
metabolism at amino acid 1, mix-ISA247 formed IM1-Diol-1, IM1-Diol-2, and IM1
Diol-3. Cis-ISA247 preferentially formed IM1-Diol-2 and IM1-Diol-3 while VCS
preferentially formed IM1-Diol-1. The metabolite generated with the greatest
velocity were IM9 (Vmax = 84-98 pmol/mg protein*min) and IM4n (69-81 pmol/mg
protein*min). The other metabolites showed Vmax values ranging from 2.7-28.2
pmol/mg protein*min (IM1-Diol-1) to 1.6-11.0 pmol/mg protein*min (IM1-Diol-2),
depending on the test article evaluated.
Table 14: Metabolite Concentration (µM) for Voclosporin, Mix-ISA247, and Cis
ISA247 in Monkey Liver Microsomes

Metabolism of Cyclosporine A and ISATX247 in the Rabbit: Identification and
Characterization of Metabolites by HPLC-Electrospray Mass Spectrometry
(Study # ISA00-04) - A comparison of LCMS profiles for CsA and ISATX247
incubated with rabbit liver microsomes for 20 min showed the metabolite profile for
ISATX247 was different from that of CsA. The metabolites produced, and the
velocity (pmol/mg protein*min) of their biosynthesis, for CsA was AM1 (38.7), AM9
(9.6), AM4n (1.45), and AMlc (1.0), respectively. The metabolic profile for ISATX247
was AM1-Diol (23.7), AM9 (19.4), AM1c-1 (9.2), AM4n (7.6), AM1c-2 (3.7), and AM
(X) (2.5). The primary site for metabolism of both CsA and ISATX 247 involves
amino acid # 1 hydroxylations.
Different metabolic profiles were also observed in vivo, evaluated 30 min
after IV administration of 10 mg/kg CsA or ISATX247; Diol-1 > AM9 > Diol-1-X >
AM4n for CsA, and AM9>AM19>AM1>AM1c>AM4n for ISATX247.
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Investigating the Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Rabbit Liver Microsomes (Study # ISA09-23) - The metabolic profile of each drug
was similar to that observed in human liver microsomes (Study # ISA08-34) with a
difference being in the quantity of metabolites formed (Table 15). Regarding
metabolism at amino acid 1, mix-ISA247 formed IM1-Diol-1, IM1-Diol-2, and IM1
Diol-3. Cis-ISA247 preferentially formed IM1-Diol-2 and IM1-Diol-3 while VCS
preferentially formed IM1-Diol-1. The metabolites generated with the greatest
velocity were IM9 (Vmax = 44-50 pmol/mg protein*min) and IM4n (27-33 pmol/mg
protein*min). The other metabolites showed Vmax values ranging from 4.4-29.3
pmol/mg protein*min (IM1-Diol-1) to 2.2-20 pmol/mg protein*min (IM1-Diol-2),
depending on the test article evaluated.
Table 15: Metabolite Concentration (µM) for Voclosporin, Mix-ISA247, and Cis
ISA247 in Rabbit Liver Microsomes

Investigating the Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Dog Liver Microsomes (Study # ISA09-24) – The metabolic profile of each drug
was similar to that observed in human liver microsomes (Study # ISA08-34) with a
difference being in the quantity of metabolites formed (Table 16). Regarding
metabolism at amino acid 1, mix-ISA247 formed IM1-Diol-1, IM1-Diol-2, and IM1
Diol-3. Cis-ISA247 preferentially formed IM1-Diol-2 and IM1-Diol-3 while VCS
preferentially formed IM1-Diol-1. The metabolite generated with the greatest
velocity was IM4n (Vmax = 23-55 pmol/mg protein*min). The Vmax for IM9 and IM4
was approximately 3- and 12-fold lower than IM4n, respectively. The other
metabolites showed Vmax values ranging from 0.4-1.9 pmol/mg protein*min,
depending on the test article evaluated.
Table 16: Metabolite Concentration (µM) for Voclosporin, Mix-ISA247, and Cis
ISA247 in Dog Liver Microsomes

Investigating the Metabolism of Voclosporin, Mix-ISA247, and Cis-ISA247 in
Mouse Liver Microsomes (Study # ISA09-25) - The metabolic profile of each
drug was similar to that observed in human liver microsomes (Study # ISA08-34)
with a difference being in the quantity of metabolites formed (Table 17). Regarding
metabolism at amino acid 1, mix-ISA247 formed IM1-Diol-1, IM1-Diol-2, and IM1
Diol-3. and VCS preferentially formed IM1-Diol-1. In contrast to microsomes from
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human and all other species, Cis-ISA247 formed IM1-Diol-1 at similar levels to
those of IM1-Diol-2 and IM1-Diol-3. The metabolite generated with the greatest
velocity was IM9 (Vmax = 129-132 pmol/mg protein*min). The next closest velocities
were observed for IM4n which were ⅓ the velocity of IM4n (36-40 pmol/mg
protein*min). The other metabolites showed Vmax values ranging from 0.7-3.4
pmol/mg protein*min, depending on the test article evaluated.
Table 17: Metabolite Concentration (µM) for Voclosporin, Mix-ISA247, and Cis
ISA247 in Mouse Liver Microsomes

Qualitative Investigation of the ISA247 Metabolites Observed in Rat Bile
(Study # ISA04-12) - Bile duct canulated male rats (n=6) received a single oral
(gavage) dose of ISA247 at 25 mg/kg. Following dosing, bile was collected over 8
hrs. The LC-MS-MS scans showed the major metabolite observed in rat bile
extracts was IM9. Other metabolites included IM4n and 1M1-Diol-1. Additional
metabolites were observed in the chromatograms, whose identity was not that clear
from the report. For example, IMXnX described as net addition of one oxygen, and
IMXX described as removal of one methyl group (N-methyl) on the ring structure
and net addition of 2 oxygens to the ring structure. The sponsor stated that the
metabolism in rats occurred primarily through Phase I oxidative metabolism; the
number of sequential oxidative modifications ranged from a single hydroxylation
(+16 m/z units) to a triple hydroxylation (+ 48 m/z units). No Phase II (conjugated)
metabolites were observed.
Comparison of the Steady State In Vivo Metabolic Profile of ISATX247
Following Repeat Dose Oral Administration in Human, Monkey, Dog, and Rat
Whole Blood Using Liquid Chromatography-Mass Spectrometry (Study #
ISA01-19) – The whole blood samples were from the 7-day Phase 1 clinical trial
(b) (4)
(b) (4)
(b) (4)
and (Study # 13681-9008;
) and from the monkey
3195), dog
(b) (4)
2420), and rat (
1703) 13-week repeat-dose oral toxicity studies. The doses
used were 3 mg/kg, 75 mg/kg, 35 mg/kg, and 25 mg/kg, respectively. The sample
time was 7 days for humans and 28 days for all nonclinical species.
The major metabolites observed in the various species are shown in the
table below. In all species the main metabolite was ISA-AM9 (another code for
metabolite IM9; mass = 1253) although the sponsor cautioned that without
authentic standards and pharmacokinetic profiling, it was not possible to definitively
establish major and minor metabolites.
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Table 18: Major ISATX249 metabolites observed in the various species

As noted by the sponsor, the results demonstrate that ISATX247 is
metabolized to a large number of oxidative metabolites in vivo after repeated oral
dosing. Under the conditions of the studies, the metabolites observed in humans
were present in the various animal models, with a profile more similar to the
monkey.
Investigating Voclosporin Metabolism in Human Liver Microsomes, in the
Presence of Glutathione, Using LC/MS/MS (Study # ISA08-21) – No glutathione
(GSH) adducts were observed in microsomal incubations containing 9.9 µM VSC, ±
NADP, ± GSH and incubated for 30 min and 120 min. VCS, IM4n, IM9, and IM1
Diol-1 were identified in incubations containing NADP ± GSH.
From these studies, the proposed metabolic scheme is presented in the
Figures 1 and 2.
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Figure 1: Proposed Metabolic Scheme for Voclosporin – Non-Amino Acid 1
Metabolism
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Figure 2: Proposed Metabolic Scheme for Voclosporin – Amino Acid 1
Metabolism

Metabolic Analysis of ISA247 in a Five Day Repeat Dose Oral Gavage
Metabolism and Toxicokinetic Study in Two Strains of Mice (Study ISA05-09)
– Animals were given an oral (gavage) dose of 25 mg/kg/day for 5 days and blood
samples analyzed by LC-MS-MS. The metabolic profile of ISA247 generated with
the transgenic mouse, CByB6Fl, was similar to the one generated with the
Crl:CD1(ICR) mouse with several metabolites observed including IM9, AM1, IM4,
and IM4n. The major metabolite observed with both species was IM9, which is also
the major metabolite seen in humans. A difference was observed related to
exposure. CD-l mice had greater AUCs for the parent drug and metabolites than
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CByB6Fl mice. Also, humans produced larger amount of the IM1-Diol-1 compared
to both mouse species.
Drug-Drug Interactions:
In Vitro Evaluation of Voclosporin as an Inhibitor of Human Cytochrome P450
Enzymes (Study # ISA08-20) – Human liver microsomes were incubated with VSC
at concentrations up to 9.9 µM (highest soluble concentration). The main findings
were the following:
•
•

•

VSC directly inhibited CYP3A4/5 (as measured by midazolam 1´
hydroxylation) with an IC50 value of 1.2 µM.
VSC (9.9 µM) directly inhibited CYP2B6, CYP2C8, CYP2C9, CYP2C19,
CYP2D6, CYP1A1, and CYP3A4/5 (as measured by testosterone 6β
hydroxylation) by 24%, 12%, 14%, 22%, 39%, <10%, and 27%, respectively.
The IC50 value for these enzymes was > 9.9 µM.
VSC was a competitive inhibitor of CYP3A4/5 (as measured by midazolam
1´-hydroxylation) with a Ki value of 1.1 µM. This value was comparable to
that of CsA (Ki = 0.9 µM), also found to be a competitive inhibitor of
CYP3A4/5 (as measured by midazolam 1´-hydroxylation).

In Vitro Evaluation of Voclosporin (ISA247) as an Inducer of Cytochrome
P450 Expression in Cultured Human Hepatocytes (Study # ISA08-03) 
Treatment of freshly cultured human hepatocytes with voclosporin (0.04-4 µM) for 3
consecutive days caused a decrease in CYP1A2 and CYP3A4/5 activities. On
average, voclosporin (4 µM) decreased CYP1A2 and CYP3A4/5 activities by 25.5%
and 65.9%, respectively. Treatment with prototypical inducers (100 µM omeprazole
and 10 µM rifampin) caused expected increases in enzyme activity (14.9-fold
CYP1A2 and 2.6-fold CYP3A4/5, respectively).
Investigation of Interaction as a Substrate and an Inhibitor of P-glycoprotein
Efflux Transporter in Caco-2 Cell Monolayers (Study # ISA08-02) – Active
efflux of voclosporin from the apical side of Caco-2 cell monolayers occurred at a
nominal concentration of 4 µM. However, whether this was mediated by P
glycoprotein (P-gp) could not be confirmed due to the apparent high non-specific
binding of voclosporin to the culture plates and the difficulties inherent in
quantifying the concentrations of free voclosporin. Voclosporin inhibited the active
efflux of digoxin, a known P-gp substrate, by 67% and 91% at a nominal
concentration of 0.04 µM and 4 µM, respectively. Due to inhibition being only
observed by the lowest (0.04 µM) and the highest (4 µM) nominal voclosporin
concentrations and due to the non-specific binding of voclosporin leading to
unknown free concentrations, a valid IC50 value could not be calculated from these
data.
A Repeat Dose Co-Dosing Study of Tacrolimus/Cyclosporine A/ISA247 with
Mycophenolate Mofetil in the Sprague-Dawley Rat (Study # ISA05-26) –
Vehicle, Tac, CsA, or ISA247 was administered once a day by oral gavage to male
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Sprague Dawley rats for seven days. Mycophenolate mofetil (MMF), a prodrug of
mycophenolic acid (MPA), was administered on Day 7. Co-administration of CsA
with MMF lead to a reduction (40%) of MPA plasma concentrations and an
increase (50%) in plasma concentrations of mycophenolic acid glucuronide
(MPAG). Tac coadministration with MMF did not exhibit this effect. In contrast to
CsA, when a single dose of ISA247 was co-administered with MMF, no reductions
in plasma MPA concentrations were observed. However, similar to CsA, MPAG
concentrations were elevated (20-70%).
Identification of the Cytochrome P450 Enzymes Responsible for the
Metabolism of ISATX247 in Human Liver Microsomes (Study # ISA01-06) 
Addition of 25 µM mycophenolic acid (MPA) (the Cmax in renal transplant patients)
to human liver microsomes inhibited the metabolism of ISATX247 and CsA to a
similar extent (16% and 14%, respectively). The sponsor noted that this interaction
is not expected to occur in humans because it has been demonstrated that the
primary route of MPA metabolism in humans is through conjugation with glucuronic
acid (87% of an administered dose is eliminated as glucuronide).
Other PK Studies:
Investigating whether Inter-conversion Can Occur Between the Cis (Z) and
Trans (E) Isomers of ISA247 in Human Whole Blood at 37°C (Study # 03-08) Two separate experiments, each using pooled blood from 2 volunteers, were
performed to test for in vitro inter-conversion. Cis-ISA247 and trans-ISA247 did not
interconvert in intact and denatured whole blood when incubated for up to 6 hrs at
37oC at concentrations of 25 and 500 ng/mL.
Interconversion Potential of Voclosporin In Vivo (Study # ISA09-11) - VCS
(b) (4)
(b) (4)
(
% trans-isomer,
% cis-isomer) was orally administered in apple juice to
healthy volunteers at daily doses of 0.5, 1.0, 2.0, and 3.0 mg/kg/day for 12 days as
(b) (4)
part of
Study # PF 40175. Blood samples were also evaluated
from the 13-week bridging rat toxicology study (ISA03-03), where animals received
VCS doses of 2.5, 10, or 25 mg/kg/day. Whole blood samples were obtained on
Days 1, 28, and 56, and during Week 13. The percent of cis, from the total drug,
ranged from not detected (BQL) to 4.5% in humans and from not detected (BQL) to
(b) (4)
1.8% in rats. The percentage of the cis isomer
Therefore, the data
supports the contention that the trans isomer of voclosporin does not interconvert to
the cis isomer.
Investigating Voclosporin Metabolism in Human Liver Microsomes, in the
Presence of Glutathione, using LC/MS/MS (Study # ISA08-21) – Four major
peaks (identified as VCS, IM4n, IM9 or IM4, and IM1-Diol-1) were observed at
similar levels in microsomal incubations with 9.9 µM VSC in the presence or
absence of GSH. Therefore, no GSH conjugates were formed under the conditions
of the study.
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5.2

Toxicokinetics
Refer to the individual toxicology studies.

6

General Toxicology

6.1

Single-Dose Toxicity

Single IV doses of voclosporin of 1.0 and 2.5 mg/kg were well tolerated in
Sprague-Dawley rats (Study # ISA07-04). In Beagle dogs, emesis was the only
effect noted with single doses of mix-ISA247 up to 75 mg/kg (Study # ISA00-18).
Following gavage administration, vomiting and/or regurgitation were observed at 8
and 10 mg/kg but not 20 mg/kg. Following administration of enteric-coated
capsules, regurgitated pieces of capsule and/or material in the cage tray were
observed at 30, 50, and 75 mg/kg. There were no other toxicologically significant
effects in this study.
Repeat-Dose Toxicity
Study title: ISA247 (Mixture), Cis-ISA247 and Trans-ISA247: 13-Week Oral
(Gavage) Comparative Toxicity Study in the CD Rat
Study no.: ISA03-03
Study report location: Electronic Doc Tab 4.2.3.2.1
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

Jun 18, 2003 (experimental starting day)
Yes
Yes
ISA247 (mixture), batch # GGR 0507,
99.6% pure
Cis-ISA247, batch # GGR 0511, 99.8%
pure
Trans-ISA247, batch # GGR 0513, 99.4%
pure

Key Study Findings
• Mortalities were observed in all groups including vehicle controls and CsA
treated groups. There was no evidence of a dose relationship for any of the
compounds. The deaths were attributed to gavage error or to the vehicle.
• All 4 test articles showed similar target tissue profiles. However, trans
ISA247 generally showed higher severity or incidence of findings than cis- or
mix-ISA247. The severity and/or incidence was for most findings similar
between trans-ISA247 and CsA. Trans-ISA247 demonstrated the greatest
systemic exposure followed by ISA247 (mixture) (cis and trans isomers
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•
•

•

•
•

combined) and cis-ISA247. CsA exposure was higher (3-7x) than that of the
three ISA247 test articles.
The higher exposure for CsA, in spite of similar severity and/or incidence of
findings compared to trans-ISA247, suggest that trans-ISA247 was more
toxic.
In the 4-week necropsy, the sponsor identifed the following targets: liver,
kidneys, thymus, mandibular and axillary lymph nodes,
and eyes
(therapeutic tissue). In addition, the prostate, seminal vesicles, and sciatic
nerve were considered as potential targets.
In the 13-week necropsy, the sponsor identifed the following targets:
kidneys, thymus, mandibular lymph nodes, eyes, and brain. As observed
after 4-week of treatment, the prostate, seminal vesicles, sciatic nerve, and
axillary lymph nodes were considered as potential targets. In addition, the
lymphoid cells in the Payer’s patches may be targets.
Findings were observed at all dose levels. However, the NOAEL for ISA247,
cis-ISA247, and trans-ISA247 could be considered as 2.5 mg/kg/day given
the mild nature of the findings observed at this dose.
Males showed greater drug exposure (≤3x) than females for all 4 test
articles.

Methods
Doses: 0, 2.5, 10, and 25 mg/kg/day as specified below:

Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:

Daily for 4 or 13 weeks
Oral (gavage)
1 mL/kg
Vitamin E-TPGS/ MCT oil/Tween 40

(b)
(4)

% ethanol

(b) (4)

Species/Strain:
Number/Sex/Group:
Age:
Weight:

Crl: CD® (SD) IGS BR Sprague-Dawley rats
10
8 weeks
115-221 g (males); 108-186 g (females) – At
acclimatization
Satellite groups: 5/sex/group interim 28 days sacrifice; 5/sex/group
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for 4-week recovery period; 6/sex/group
(excluding vehicle) for TK evaluation
Unique study design: Due to a high number of unscheduled deaths (15
animals in the 13-week treatment group; 7
animals in the 4-week recovery group), some of
the TK animals were not killed after the last blood
sampling and discarded as originally planned, but
instead used for the replacement of unscheduled
deaths in the main study.
Deviation from study protocol: None that will have an impact in the interpretation
of the study
Observations and Results
Mortality (2x/day) - A number of rats died during the study or had to be killed for
humane reasons. These deaths affected all groups including vehicle controls and
CsA treated groups. There was no evidence of a dose relationship for any of the
compounds. The deaths were attributed to gavage error (microscopic findings of
perforation of the esophagus or trachea, lung lesions) or to the vehicle. The
sponsor provided the following table which includes the deaths observed during
treatment. Most deaths were observed within 1 or 2 months after initiation of the
study.
Table 19: Number of Unscheduled Deaths/Group Size (Treatment Week 4 and
Week 13)
Group
1
2
3
4
5
6
7
8
9
10
11
12
Males
2/15 2/17 5/18
--3/18 1/15
----1/15 1/16
--1/16
Females 2/15
----2/15 1/15 1/16 1/15 2/16 1/16
--1/15 2/17

---No unscheduled deaths out of 15 animals.
The following deaths were observed in animals allocated for TK evaluation:
Table 20: Number of Unscheduled Deaths/Group Size (TK)
Group
1
2
3
4
5
6
7
8
Males
----1/3
1/6
--1/6
1/6
--Females ----2/6
1/6
1/6
-------

9
-----

10
1/5
---

11
2/5
1/6

12
--1/4

---No unscheduled deaths out of 3-6 animals.
Clinical Signs (Daily) - Test compound-related clinical signs consisted of soft
feces noted at the high dose of ISA247 (mixture), at the high dose of trans-ISA247,
and both doses of the positive control (CsA), but not at any dose of cis-ISA247. In
males, soft feces was observed starting after 1 week of treatment for high dose
ISA247 (mixture), within a few days for trans-ISA247, and after 1 week (high dose)
or 3 weeks (low dose) for CsA. Females were less sensitive, as soft feces were
only seen at the high dose of trans-ISA247 (within a few days of treatment) and
high dose of CsA (after 2 weeks of treatment). In addition, males at the high dose
of ISA247 (mixture), trans-ISA247, and CsA displayed ruffled fur and emaciation
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during the second half (after Week 7) of treatment. These findings did not resolve
completely during recovery in males, whereas females recovered by the 2nd week.
Body Weights (Weekly) – Slight but statistical significant decreases in mean body
weight were noted after 4 weeks in males at the high dose of trans-ISA247 (17%)
and CsA (13%). After 13 weeks, mean body weight was decreased at the high
dose of ISA247 (mixture), trans-ISA247, and CsA in males, with the effect being
more pronounced in the latter two groups (Table 21). In addition, males at the middose group of trans-ISA247 had a slight decrease in mean body weight. The effects
on body weight persisted during the recovery period.
Table 21: Decrease in Body Weight after Treatment of Rats with ISA247 (Mixture),
cis-ISA247, trans-ISA247, or CsA for 13 Weeks
Dose
ISA247 (mixture)
Cis-ISA247
Trans-ISA247
CsA
(mg/kg)
M
F
M
F
M
F
M
F
10
-----11%
---25
-13%
----36%
+9%
-32%
--

In contrast to males, females showed a slight increase (<10%) in mean body
weight in the high-dose trans-ISA247 group beginning on Week 5 with occasional
statistical significance until the end of treatment.
In males, mean body weight gain showed statistically significant decreases
of 25-38% and 28-45% in high-dose trans-ISA247 and CsA groups at Week 4,
respectively. The decrease in mean weight gain in these 2 groups was initially
observed on Week 2. At Week 13, mean body weight gain was decreased by 77%
and 62%, respectively. At Week 13, statistically significant decreases (26%) were
also noted in the mid-dose trans-ISA247 group and in the high-dose ISA247
(mixture). These groups initially showed a statistically significant decrease at Week
13 and Week 11, respectively. The effects on body weight gain persisted during the
recovery period with statistical significance observed in the high-dose trans-ISA247
and CsA groups.
Females showed an increase in mean body weight gain in the high-dose
ISA247 (mixture) and mid and high-dose trans-ISA247 groups. These effects were
initially observed at Week 2. Except for the high-dose trans-ISA247 group, these
values tended to move toward control values after Week 10; therefore, it is difficult
to definitely consider the changes in the high-dose ISA247 (mixture) and mid -dose
trans-ISA247 groups as test-article-related. At Week 13, weight gain was
increased by 21% in high-dose trans-ISA247 group. No effects were noted during
the recovery period.
Feed Consumption (Weekly) - After 13 weeks, a statistically significant increase
in mean food consumption was noted for males at the high dose of ISA247
(mixture), both sexes at the high dose of trans-ISA247, and males at the high dose
of CsA.
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Table 22: Increase in Food Consumption after Treatment of Rats with 25 mg/kg
ISA247 (Mixture), cis-ISA247, trans-ISA247, or CsA

In males, the increase in mean food consumption was observed at about
Week 5 for high-dose trans-ISA247 and Weeks 6/7 for all other groups. In females,
a statistically significant increase was observed on Week 6/7 with occasional
statistical significance observed until the end of treatment. The effect on food
consumption was reversible in females but it was still present at the end of the
recovery period in all affected groups in males.
Ophthalmoscopy [Predose, Week 4 (28-day interim sacrifice animals), Week
13, and Week 17 (recovery animals)]: A slightly increased incidence of corneal
opacity was observed in males at the high doses of trans-ISA247 and CsA at the
end of the 13-week treatment period (1/20 in baseline, 0/20 in controls, 5/14 in
high-dose trans-ISA247, and 4/14 in CsA). At recovery, the incidence was 2/40 in
both groups. The incidence at recovery is within the baseline incidence observed in
females in the current study. Therefore, it is not clear if the corneal opacity
observed at recovery was due to test article or a spontaneous change. Lenticular
opacity (anterior or total) was also observed with incidence of 1/20 and 2/14 in
animals treated with high-dose ISA247 (mixture) and high-dose trans-ISA247,
respectively, which were still observed at recovery.
Hematology (Week 4, Week 13, and Week 17) – At Week 4, the findings were
generally characterized by lower hemoglobin [14% at high dose ISA247 (mixture) in
males and 6% at high dose cis-ISA247 in females] and lower mean corpuscular
volume and mean corpuscular hemoglobin (3-10% across test articles at ≥10
mg/kg/day except for cis-ISA247 at the low dose in males). In addition, lower
counts of leukocytes (26-48%) and lymphocytes (32-49% in males only) were noted
at ≥10 mg/kg/day trans-ISA247. Similar changes were present at both doses of
CsA. A higher count for high fluorescence ratio of reticulocytes (90-103%) was
noted at all doses in females treated with cis-ISA247 and an increase in
hemoglobin concentration distribution width was observed in females at the high
dose of trans-ISA247 (12%) and CsA (14%).
After 13 weeks, the findings were mainly characterized by an increased
erythrocyte count (5-14%) at the high dose of all 4 compounds, lower mean
corpuscular volume (3-7%) at the high dose of ISA247 (mixture) and at ≥10
mg/kg/day for all other compounds including CsA in males and at the high dose
ISA247 (mixture) and trans-ISA247 in females; lower leukocyte (16-36%) and/or
relative/absolute lymphocyte counts (16-38%) predominantly ≥10 mg/kg/day
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ISA247 (mixture) and trans-ISA247 in males and ISA247 (mixture) in females, and
increased relative/absolute monocyte counts (27-156%) at the high dose of all
ISA247 test articles including CsA in males and high dose ISA247 (mixture) and
trans-ISA247 in females. Some additional changes included lower mean
corpuscular hemoglobin (3-6%), lower high fluorescence ratio of reticulocytes (30
51%) at all doses in trans-ISA247 males, higher low fluorescence ratio of
reticulocytes (22%) in high dose trans-ISA247 males, and increased neutrophils
(69-113%) at ≥10 mg/kg/day trans-ISA247 in males. Changes in coagulation
parameters [+14% PT in high dose trans-ISA247 in males; -8, +15-16%, and -9
18% PTT in high dose ISA247 (mixture), ≥10 mg/kg/day cis-ISA247, and ≥10
mg/kg/day trans-ISA247, respectively; -9% fibrinogen in high dose ISA247
(mixture) in males; +11-13% PTT and -9% fibrinogen at ≥10 mg/kg/day ISA247
(mixture) in females]. However, given the opposite directions between test-articles
and/or genders, a relationship to treatment is not clear. The lower leukocyte counts
and/or lymphocyte counts noted at both time points are considered to reflect
pharmacodynamic properties.
Most of the hematological changes were present in males at the mid and/or
high dose of trans-ISA247 and in females at the mid and/or high dose of ISA247
(mixture). The compound with the least effects on hematology parameters was cis
ISA247.
The following few changes were present after a 4-week recovery period in
males at the high dose of trans-ISA247: a moderate increase in the low
fluorescence ratio of the reticulocyte count (+57%), a moderate decrease in the
medium fluroescence ratio of the reticulocyte count (-50%), a slight not statistically
significant decrease in high fluorescence ratio in the reticulocyte count (-47%) and
a moderate decrease (-42%) in the absolute lymphocyte count. In males at the high
dose of CsA, a moderate decrease in the absolute (-45%) and relative (-50%)
reticulocyte count, a moderate increase in the low fluorescence ratio of the
reticulocyte count (+58%) and a moderate decrease in high fluorescence ratio in
the reticulocyte count (-72%) were still present after the 4-week recovery period.
Clinical Chemistry (Week4, Week 13, and Week 17) - Numerous findings were
recorded in clinical chemistry parameters, predominantly in rats at the 10 and 25
mg/kg dose levels, but occasionally also at the 2.5 mg/kg dose, and indicated an
altered function of the liver and the kidney. These changes are shown in Tables 23
and 24.
The ISA247 compound with the most effects on clinical biochemistry
parameters was trans-ISA247. The changes in clinical biochemistry parameters
were similar in rats treated with trans-ISA247 and CsA, and males were more
affected than females. After recovery, most of the changes were no longer present
in CsA-treated rats. In rats previously treated with trans-ISA247, several changes
were still present after recovery. These changes included increases in alanine
aminotransferase (189%), alkaline phosphatase (162%), and γ-glutamyl transferase

58
Reference ID: 4737856

(b) (4)

Reviewer: María I. Rivera
Theresa Allio: Genetic and Reproductive Toxicity

(38 U/L vs. 0 U/L in control) in high-dose males; in females, increased creatine
kinase (113-123%) and lactate dehydrogenase (8-10%) at ≥10 mg/kg/day,
increased calcium (8-10%) and protein (14-16%) at all doses, and increased
globulin (47%) and decreased albumin/globulin ratio (28%) at the high dose. In rats
treated with ISA247 (mixture) and cis-ISA247 all changes were reversible; only a
slight increase in calcium (2-4%) was observed at all ISA247 (mixture) doses.
Table 23: Clinical Chemistry Findings (% from Vehicle Control) in SpragueDawley Rats Treated with ISA247 (mixture), Cis-ISA247, Trans-ISA247, and CsA
for 4-Weeks
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Table 24: Clinical Chemistry Findings (% from Vehicle Control) in SpragueDawley Rats Treated with ISA247 (mixture), Cis-ISA247, Trans-ISA247, and CsA
for 13-Weeks

Urinalysis (Week4, Week 13, and Week 17) - Findings in urinalysis after 4 weeks
were confined to males at the high dose of trans-ISA247 and CsA. Increased
glucose concentration (23.6 mmol/l vs. 0.00 mmol/l in vehicle controls) and
decreased potassium concentration (-27%) were noted in males at the high dose
trans-ISA247. High dose CsA group showed increased glucose concentration
(22.4 mmol/l vs. 0.00 mmol/l in vehicle controls) as well as increased calcium
oxalate crystals (3 of 5 males affected vs. none in vehicle controls).
Most of the changes noted in urinalysis parameters after 13 weeks were
confined to the high dose of compounds (Table 25). These findings were mainly
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characterized by increased volume, decreased pH, increased glucose, and
changes in osmolality and potassium concentration. In rats treated with trans
ISA247 and CsA, increased erythrocytes and decreased creatinine concentration
were also present. The only change seen with cis-ISA247 after 13 weeks of
treatment was a slightly decreased sodium concentration in males at the high dose.
In females, all changes were reversible. In males, most changes were still present
after the 4-week recovery period.
Table 25: Urinalysis Parameters (% from Vehicle Control) in Sprague-Dawley
Rats Treated with ISA247 (mixture), Cis-ISA247, Trans-ISA247, and CsA for 13
Weeks

Gross Pathology (Week4, Week 13, and Week 17) – After 4 weeks, there were
no gross findings considered to be test compound related. At the 13-week
necropsy, size reduction of the thymus was observed at the mid (7%) and highdose (20%) ISA247 (mixture), high dose trans-ISA247 (60%) and high-dose CsA
(47%). Increased incidence of pelvic dilation in the kidneys were seen in males at
the high dose of ISA247 (mixture) (13%), trans-ISA247 (33%), and CsA (33%), and
in mid-dose trans-ISA247 (20%). Pelvic dilatation was accompanied by the
observation of enlarged kidney. Increased incidence of thickening (7-27%) and/or
dilatation (20-40%) of the duodenum, jejunum, ileum, cecum and colon was
observed in males at the high dose of trans-ISA247. Enlarged liver was observed at
all trans-ISA247 doses with incidences of 7%, 27%, and 13% at the low, mid, and
high dose respectively, and both doses of CsA (20% and 7%, for the low and high
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dose, respectively). After recovery, dilation of the colon was noted at necropsy in
some males at the high dose of trans-ISA247.
Organ Weights (Week4, Week 13, and Week 17; brain, heart, liver, thymus,
kidneys, adrenals, spleen, testes, pituitary gland, ovaries, uterus, prostate
gland) – At Week 4, the liver and prostate showed statistical significant changes
from controls. Increased liver weight was evident in high-dose males treated with
cis-ISA247 and in high-dose females treated with ISA247 (mixture) and trans
ISA247. Decreased weight of the prostate was noted in males at the high dose of
trans-ISA247 and CsA.
At Week 13, decreased thymus and prostate weights were noted for males
at the high dose of trans-ISA247 and CsA. Females had a lower weight of the
pituitary gland at the mid and high doses of ISA247 (mixture) and trans-ISA247,
and at both doses of CsA. Increased kidney weights were observed in males at the
high dose of ISA247 (mixture), trans-ISA247, and CsA, and in mid-dose trans
ISA247. In females, increased kidney weights were observed at the high dose
trans-ISA247. Increased liver weight was seen in high-dose females treated with
trans-ISA247. In males, a statistically significant increase was only observed at the
mid-dose trans-ISA247, although increases (not statistically significant) were noted
when expressed as relative to body weight and brain weight in high-dose ISA247
(mixture), cis-ISA247, trans-ISA247, and CsA.
At end of recovery, the organ weights were in the same range as those of
the vehicle controls.
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Histopathology (Vehicle control and high-dose group for 4-week and 13-week
treatment animals; all unscheduled deaths; gross observations; and the
following tissues for recovery animals: brain, eyes with optic nerve, kidneys,
liver, lymph nodes (mesenteric, mandibular, axillary, inguinal), sciatic nerve,
spinal cord (cervical), spleen, and thymus) Adequate Battery: Yes
Peer Review: No
Histological Findings: In the 4-week necropsy (Table 26), the sponsor identified the
following targets: liver, kidneys, thymus, mandibular and axillary lymph nodes, and
eyes (therapeutic tissue). In addition, the prostate, seminal vesicles, and sciatic
nerve are considered as potential targets.
In the 13-week necropsy (Table 27), the sponsor identifed the following targets:
kidneys, thymus, mandibular lymph nodes, eyes, and brain. As observed after 4
week of treatment, the prostate, seminal vesicles, sciatic nerve, and axillary lymph
nodes are considered as potential targets. In addition, the lymphoid cells in the
Payer’s patches may be targets.
At recovery (Table 28), the sponsor identified findings in the kidneys,
mandibular lymph nodes, axillary lymph nodes, and eyes. In addition, the thymus
and the prostate findings were still present.
At Week 13, renal cortical tubular degeneration/regeneration was observed
with higher incidence definitely in females for all test articles compared to vehicle
control group. However, a high incidence was also noted in control males. The
severity was Grade 1 in controls (except one incidence of 2), whereas it increased
with dose up to a Grade of 3-4 at the 25 mg/kg/day dose. Therefore, there was a
clear dose related effect on the severity of renal tubular degeneration. The cis
isomer was less potent than ISA247 (mixture), trans-isomer, and CsA, whereas the
last 3 test articles in general showed similar severities. This is consistent with the
lower systemic exposure observed for the cis-isomer (See TK section below).
Although renal degeneration changes are a common finding in aging rats,
especially in males, the data reflected a treatment-related exacerbation of a
biological process.
The neurohistological effects primarily consisted of gliosis and perivascular
infiltrates in the brain and spinal cord and sciatic nerve degeneration. These
occurred without a clear dose response. However, CsA and other calcineurin
inhibitors have been associated with neurological toxicities, and the findings were
considered related to the test articles.
In summary, all 4 test articles showed very similar target tissue profiles.
Therefore, the toxicological profile of all 3 ISA247 compounds was similar to that of
the positive control, CsA. Differences were noted in incidence or severity of the
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findings with increasing severity with dose and/or duration or treatment. For most
part, the trans-isomer and CsA showed higher severity and/or incidence of findings.
Table 26: Histological Findings at 4-Weeks in the 13-Week Rat Bridging Study
Finding

Control

1/5 low dose, 2/5
mid dose, and 5/5
high dose
females

Hepatocellular
periportal
vacuolation

Diffuse
vacuolation

ISA247 (mixture)

1/5 males

1/5 low dose
males; 2/5 low
and 3/5 mid dose
females

Centrilobular
hepatocellular
hypertrophy

Renal cortical
tubular
degeneration

1/5 males

1/5 low, 1/5 mid,
and 5/5 high dose
males; 1/5 low
dose females

5/5 at both mid
and high dose
males and
females

CsA

1/5 high dose
female

1/5 low, 5/5
mid, and 2/5
high dose
females

1/5 high dose
males; 4/5 low
and 1/5 high
dose females

4/5 high dose
males; 1/5
mid dose
female

2/5 high
dose males;
3/5 high
dose
females

1/5 high dose
males; 1/5 low
dose females

1/5 males

1/5 low dose
male

4/5 low and
5/5 high dose
males; 5/5
high dose
females

4/4 mid and
5/5 high dose
males; 1/5
low, 5/5 mid,
and 5/5 high
dose females

5/5 low, 5/5
mid, and 5/5
high dose
males; 1/4
low, 5/5 mid,
and 5/5 high
dose
females

5/5 at both
low and high
dose males
and females

3/5 mid and
4/5 high
dose males;
3/5 mid and
5/5 high
dose
females

1/5 low and
2/5 high dose
males; 4/5 low
and 5/5 high
dose females

2/5 low, 4/5
mid, and 5/5
high dose
males; 1/5
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1/5 low dose
males
3/10 low, 5/5
mid, and 5/5
high dose
males; 4/5
mid and 5/5
high dose
females

5/5 high dose
males; 1/5 at both
mid and high
dose females

Mandibular
lymph nodes
germinal center
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Trans
ISA247

3/5 high dose
males

Thymic
medullary
atrophy
(generally
accompanied
by tingeable
body
macrophages)

Mandibular
lymph nodes
germinal center
atrophy

Cis-ISA247

1/5 high dose
males
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activation

Axillary lymph
nodes germinal
center
activation

mid and 4/5
high dose
females
1/5 low and
4/5 high dose
males; 1/5
high dose
females

1/5 males

1/11 low dose
males

Eyes external
lens fiber
degeneration

1/5 high dose
male

2/5 high
dose males

1/5 high dose
males

Prostate
atrophy

5/5 high dose
males

5/5 high
dose males

5/5 high dose
males

Seminal
vesicles atrophy

3/5 high dose
males

3/5 high
dose males

3/5 high dose
males

1/5 low dose
males; 1/5
low dose
females

1/5 low dose
females

1/5 low and
1/5 high dose
males

Sciatic nerve
degeneration

Table 27: Histological Findings at 13 Weeks in the 13-Week Rat Bridging Study
Finding

Control

ISA247
(mixture)

Cis-ISA247

Hepatic periportal
vacuolation

1/10 males;
1/10
females

1/10 high dose
males; 2/10
low, 1/10, mid
and 5/10 high
dose females

1/10 low dose
males

Diffuse
vacuolation

Renal cortical
tubular
degeneration

Renal
corticomedullary

2/10 high dose
females

7/10 males

4/12 low, 3/13
mid, and 10/10
high dose
males; 1/10
mid and 1/10
high dose
females

10/10 high
dose males;
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Trans
ISA247

CsA

2/10 low
dose females

4/13 low, 3/10
mid, and 7/10
high dose
males; 1/11
mid dose
female

4/10 low,
9/10 mid, and
9/10 high
dose males;
1/10 low,
4/10 mid, and
7/10 high
dose females

9/10 low and
10/10 high
dose males;
1/10 low and
9/12 high
dose females

2/10 high
dose males;

6/10 high
dose males;

2/10 low
dose and

(b) (4)

mineralization

Renal pelvic
dilatation

Thymic medullary
atrophy
(generally
accompanied by
tingeable body
macrophages)

Thymic cortical
atrophy

Mandibular lymph
nodes germinal
center atrophy

Mandibular lymph
nodes germinal
center activation
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2/10 mid dose
and 1/10 high
dose females

1/13 mid dose
and 2/10 high
dose males

12/13 mid and
8/8 high dose
males; 10/10
mid and 10/10
high dose
females

2/8 high dose
males; 1/10
high dose
females

1/13 mid and
10/10 high
dose males;
5/10 high dose
females

1/13 mid dose
males

Mandibular lymph
nodes plasma
cell hyperplasia

Axillary lymph
nodes germinal
center activation

2/13 mid dose
males

66
Reference ID: 4737856

1/10 low, 3/11
mid, and 1/10
high dose
females

1/10 mid and
4/10 high
dose females

6/12 high
dose females

1/10 mid dose
males; 1/10
low dose
female

1/10 mid and
3/10 high
dose males

4/12 high
dose males

10/10 mid and
10/10 high
dose males;
4/11 mid and
10/10 high
dose females

2/10 low.
10/10 mid,
and 9/10 high
dose males;
10/10 mid
and 10/10
high dose
females

10/10 low
and 9/10
high dose
males; 10/10
and 12/10
low and high
dose females

3/11 mid and
1/10 high
dose females

2/10 low and
6/10 high
dose males;
1/10 high
dose females

3/10 high
dose males;
2/12 low
dose females

1/10 mid dose
males; 1/10
low and 3/11
mid dose
females

3/10 low,
5/10 mid, and
9/10 high
dose males;
1/10 low,
3/10 mid and
10/10 high
dose females

3/10 low and
10/10 high
dose males;
1/10 low and
9/12 high
dose females

1/12 low and
6/10 high
dose males;
10/10 high
dose females

1/10 mid
dose males;
1/10 high
dose females

1/10 low and
1/12 high
dose females

1/10 mid and
3/10 high
dose males;
3/10 high
dose females

3/10 mid
dose males

2/10 high
dose males;
1/12 high
dose females

1/13 low and
2/10 mid dose
males; 2/10
high dose
females

2/10 mid
dose females

1/11 low
dose females
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Eyes external
lens fiber
degeneration
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3/10 high dose
males

Eyes lenticular
degeneration

Brain
perivasculitis

1/13 mid and
1/10 high dose
males

Brain
microgliocytosis

1/10 high dose
males

1/10 high
dose males

5/10 high
dose males

3/10 high
dose males;
1/10 high
dose females

3/10 high
dose males

5/10 mid and
2/10 high
dose males

4/10 low
dose males

1/10 high
dose males

Brain gliosis

Brain vacuolation

2/10 mid and
3/10 high
dose males

1/13 mid dose
males

1/10 high
dose males

3/10 mid 3/10
high dose
males

4/10 low
dose males

1/10 high
dose males

Brain meningitis
Brain cellular
degeneration

1/13 mid dose
males

Prostate atrophy

1/3 mid dose
males

4/10 high
dose males

9/10 high
dose males

Seminal vesicles
atrophy

1/3 mid dose
males

1/10 high
dose males

1/1 low and
3/10 high
dose males

2/10 high
dose males;
1/10 low and
2/11 high
dose females

3/10 mid
dose males;
4/10 low and
1/10 mid
dose females

3/10 low
dose males;
1/10 low
dose females

2/10 high
dose males

3/10 mid and
2/10 high
dose males;
1/10 mid
dose females

3/10 low
dose males

Sciatic nerve
fiber
degeneration

Sciatic nerve
fiber inflammation

7/13 mid dose
and 2/10 high
dose males;
1/10 mid-dose
females

3/13 mid and
1/10 high dose
males
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Jejunum Payer’s
patches lymphoid
depletion

5/10 high dose
males

Ileum Payer’s
patches lymphoid
depletion

7/10 high dose
males

1/10 high
dose males

1/10 high
dose males

2/12 high
dose females

1/10 high
dose males

2/12 high
dose females

Table 28: Histological Findings at Recovery in the 13-Week Rat Bridging Study
Finding

Renal cortical
tubular
degeneration

Control

1/5 males;
1/5 females

ISA247
(mixture)

1/5 mid and 4/5
high dose
males; 1/5 high
dose females

Renal
corticomedullary
mineralization

2/5 mid and 1/5
high dose
males; 1/5 mid
dose females

Thymic medullary
atrophy

2/5 mid and 1/5
high dose
males; 2/4 high
dose females

Trans
ISA247

CsA

1/5 mid dose
males; 1/5
mid and 1/5
high dose
females

2/5 low, 5/4
mid, and 3/5
high dose
males; 1/5
mid and 4/5
high dose
females

1/5 mid and
5/5 high
dose males;
5/5 high
dose females

3/5 high dose
males

3/5 mid dose
males; 1/5
low, 1/5 mid,
and 4/5 high
dose females

2/5 high
dose males;
5/5 high
dose females

1/5 high dose
females

3/5 high
dose males;
1/5 high
dose females

2/5 high
dose males;
1/4 low and
2/5 high
dose females

2/5 high
dose males

2/5 high
dose males

3/5 mid and
1/5 high
dose males;
3/5 low and
3/5 high
dose females

5/5 low and
2/5 high
dose males;
4/5 high
dose females

1/5 mid dose
males

4/5 low and
1/5 high
dose males;
3/5 high
dose females

3/5 high

4/5 high
dose males;

Cis-ISA247

Thymic cortical
atrophy

Mandibular lymph
nodes germinal
center activation

5/5 high dose
males

Axillary lymph
nodes germinal
center activation

2/1 mid and 1/5
high dose
females

Eyes lenticular

1/5 females

1/5 high dose
male and
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4/5 mid and
5/5 high dose
males; 3/5
high dose
females

2/5 high dose
males
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degeneration

females

dose males

1/5 high
dose females

Prostate atrophy

1/1 high dose
male

1/1 high
dose male

1/1 high
dose male

Toxicokinetics (Days 1, 28, and 56, and Week 13 at predose and 1, 2, 4, 12, and
24 hrs postdose; whole blood analyzed by validated Liquid Chromatography 
Atmospheric Pressure Chemical Ionization Mass Spectrometry) – Trans-ISA247
demonstrated the greatest exposure followed by ISA247 (mix) (cis and trans
isomers combined) and cis-ISA247. Trans exposure was consistently higher than
cis following the administration of ISA247 (mix) or the pure isomers. CsA exposure
was 3x higher than trans-ISA247, 7.0x higher than cis-ISA247, and 4.5x higher
than ISA247 (mix) on Day 86 when comparing the 25 mg/kg/day dose groups. A
reduction in AUC0-24hrs was observed for all 3 ISA247 compounds with repeated
dosing. In contrast, CsA AUC0-24hr values increased with repeated dosing. Cmax
values demonstrated a similar trend to AUC values. Males showed greater drug
exposure (≤3x) than females for all 4 test articles. The TK parameters (male and
females combined) are shown in Tables 29 and 30.

Table 29: TK Results Following Oral Administration of Cis-ISA247, Trans-ISA247,
and CsA to Sprague-Dawley Rats (Male and Females Combined)
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Table 30: TK Results Following Oral Administration of ISA247 (Mixture) to
Sprague-Dawley Rats (Male and Females Combined)
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Note: The sum of cis and trans isomer Cmax and AUC0-24
boxes at the right.

hrs

is presented in the

Stability and Homogeneity: All test articles were found to be stable in the vehicle
under storage conditions for at least 6 hrs. The concentrations and homogeneity of
the samples were found to range from 87.6-118.2%.
Study title:
26-Week Repeat Oral Toxicity Study of ISATX247 and
Cyclosporine in Sprague-Dawley Rats
Study no.: Electronic Doc Tab 4.2.3.2.1
Study report location: ISA01-18
(b) (4)
Conducting laboratory and location:
Date of study initiation: December 19, 2001
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: ISATX247 20 mg/mL , lot # A-1903, 100%
pure
ISATX247 19.6 mg/mL , lot # A-1975, 98%
pure
ISATX247 19.4 mg/mL , lot # A-2067, 97%
pure
Key Study Findings
• Mortalities were observed in all groups including the vehicle control, with
higher number of mortalities in males in the 10 mg/kg/day ISATX247 and CsA
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•
•

•

•
•

groups. With the exception of 3 animals, a cause of death could not be
determined for these animals.
Microscopically, treatment-related changes in the central and peripheral
nervous systems, eyes, lungs, thymus, and kidneys (males) were observed
with ISATX247 and CsA.
The microscopic findings observed in the central and peripheral nervous
systems (brain, spinal cord, cranial nerves, and sciatic nerve), eye, and
thymus (CsA males only) persisted following the recovery period. The finding
of renal tubular degeneration/regeneration had similar incidence and severity
(trace/mild) as in the control group except for the high-dose CsA males,
making it difficult to judge reversibility.
Gender-specific differences in drug exposure were confirmed for both
ISA247 and CsA with higher Cmax and AUC0-24hrs values observed in male
rats. This is consistent with the increased sensitivity observed in males for
adverse findings.
No main differences were observed in the toxicology profile of both ISATX247
and CsA. However, since systemic exposure to CsA was higher, this
suggests that ISATX247 has the potential for a lower therapeutic index.
There was no NOEL for ISATX247 (and CsA) due to the trace renal tubular
degeneration/regeneration and thymus atrophy at the low dose at Week 26.
However, 1.25 mg/kg/day could be considered as the NOAEL given the
trace severity of these findings at this dose.

Methods
Doses: 0, 1.25, 2.5 and 10 mg/kg/day of each test article
allocated as shown below:

Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:

Once daily for 26 weeks
Oral (gavage)
1 mL/kg
Vitamin E-TPGS, medium chain triglycerides
(b)
(MCT) oil, Tween® 40, and (4) % ethanol

Crl: CD®(SD)IGSBR Sprague-Dawley rats
66
5 weeks old
249-337 g (males); 167-221 g (females)
Eight animals/sex were used fro all ISATX247 and CsA
treated groups for TK analysis.
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Unique study design: Ten rats/sex/group (Main Study Groups 1-7) were
necropsied following Weeks 4, 8, 13, and 17. Twenty
rats/sex/group (dependent on survival) were
necropsied at the end of the treatment period (Week
26). The remaining six rats/sex/group were
necropsied following a 28-day recovery period.
Observations and Results
Mortality (At least 2x/day) - A total of 32 mortalities were observed in this study
(Table 31). Two males and one female in the vehicle control group were found
dead on Days 32, 151, and 135, respectively. One female in the control group was
sacrificed in extremis on Day 43. Males were found dead on Days 43-178 and 10
165 after treatment with ISATX247 and CsA, respectively. Females were found dead
between Days 91-148 and 65-181 after treatment with ISATX247 and CsA,
respectively. In addition to the control female, 5 animals were sacrificed on
extremis: one male at 1.25 mg/kg/day ISATX247 on Day 91, one male at 1.25
mg/kg/day CsA on Day 64, two males at 10 mg/kg/day CsA on Day 69 and 134,
one female at 10 mg/kg/day CsA on Day 159.
Table 31: Mortalities Observed in Sprague-Dawley Rats after Treatment with
Vehicle, ISATX247, or CsA in the 26-Week Repeat Dose Study
ISA247
Cyclosporine A
Treatment Vehicle
1.25
2.5
10
1.25
2.5
10
mg/kg/day mg/kg/day mg/kg/day mg/kg/day mg/kg/day mg/kg/day
Female
2
1
2
2
─
1
2
Male
2
2
─
5
5
─
8
Total
4
3
2
7
5
1
10

In general, the number of mortalities were higher in the 10 mg/kg/day
ISA247 and CsA groups. The sponsor did not consider the mortalities in males
treated with 10 mg/kg/day ISA247 biologically different from that in the control
group. With the exception of 3 animals, a cause of death could not be determined
for these animals. Animal 1116 (male at 1.25 mg/kg/day ISA247) and animal 1318
(male at 1.25 mg/kg/day CsA) were diagnosed with severe necrosis of the palate
and a nasal tissue fracture as the causes leading to sacrifice. Animal 1455 (male at
10 mg/kg/day CsA) was sacrificed due a decrease in activity, few/absent feces,
unkempt appearance, leaning behavior, and tremors. This animal was diagnosed
with treatment related severe gliosis of the brain.
Clinical Signs (Weekly) – The sponsor considered there were no test article
related effects probably because most findings had low incidence (1-4 animals out
or 66/dose). A higher incidence and/or frequency was observed for the following
findings compared to vehicle controls. In males treated with ISATX247, particularly
at the high dose red discharge, hunched posture, black material around the nose,
absent/sparse hair, hair discoloration, scabbed area, unkempt appearance, and
skin nodules were observed. In female rats treated with ISATX247, findings with
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higher incidence and/or frequency included hypersensitivity to touch at the high
dose and black material around the eyes at all doses.
In the males treated with CsA, tremors, decreased activity, leaning,
vocalization, few/absent feces, soft feces, urine discoloration, hunched posture,
absent/discolored hair, red/black material around the mouth, skin nodules, unkempt
appearance and rapid breathing were noted particularly at the high dose. In the
female animals treated with CsA tremors at the high dose, material around the eyes
and nose at the low dose, and absent/discolored hair at ≥2.5 mg/kg/day were
noted.
At recovery, skin nodules were still observed in the low dose and high dose
CsA-treated males.
Body Weights (Weekly) – Lower mean body weight was observed in males at the
high dose of ISATX247 starting on Week 11. At Week 26, mean body weight was
decreased by 10% (p<0.01) compared to controls. A similar trend was observed in
males treated with high dose CsA. At Week 26, mean body weight was decreased
by 14% (p<0.01) compared to controls.
No significant difference was observed in mean body weight in females
treated with ISATX247 or CsA, although a trend toward higher body weights was
observed in high dose ISATX247 compared to controls.
At recovery, mean body weights were still lower in the high dose ISATX247
(10%) or CsA (17%) treated males compared to controls, although the difference
was not statistically significant.
Feed Consumption (Weekly) - An increase in mean food consumption was
observed in males treated with 10 mg/kg/day ISATX247 and CsA. The increase in
mean food consumption became statistically significant beginning at Week 17. At
Week 26, mean food consumption was increased (p<0.01) by 45% and 62%
compared to controls in high dose ISATX247 and CsA-treated males, respectively.
The increased mean food consumption observed in males at the high-dose
of ISATX247 and CsA showed some reversibility at the end of the 4-week recovery
period, although the mean values were still higher than control values (28% and
17%, respectively).
Functional Observational Battery (Pretest, Week, 4, 8, 13, 17, 26, and 30) The sponsor concluded there was no treatment-related findings. Decreased rearing
was observed in males at the high-dose ISATX247 at Week 8, 13, and 17 and all
doses at Week 26. The difference was statistically significant from controls at Week
8 and 13 only. A similar trend was observed at all CsA doses starting at Week 13
but the difference was never statistically significant. At recovery, males showed
decreased rearing (not statistically significant) at all doses of ISATX247 and at the
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high dose of CsA. A direct neutological effect of ISATX247 or CsA is difficult to
establish as no other parameter was affected and the finding could be secondary to
the animal not feeling well.
Ophthalmoscopy (Both funduscopic and biomicroscopic examinations were
performed pretest and the week prior to the scheduled sacrifice) - Treatment
related anterior and/or posterior cortical bilateral cataracts were observed in 1 male
each at 10 mg/kg/day ISATX247 and CsA at Week 17, and in 8 males at 10
mg/kg/day ISATX247 and in 6 males at 10 mg/kg/day CsA at Week 26. Following
the 4-week recovery period, cortical anterior cataract was noted in one male each
at 10 mg/kg/day ISATX247 (unilateral) and CsA (bilateral). In addition, posterior
cataract was noted in one female at 1.25 mg/kg/day ISATX247 at Week 8 and at
recovery in one male at 1.25 mg/kg/day CsA (unilateral).
Hematology (Prior to each scheduled necropsy on Week 5, 9, 14, 18, and 27) –
A possible treatment-related decrease (18-35%) in mean lymphocyte counts was
observed in high-dose males treated with ISATX247 at all intervals. High dose
males also showed a decrease in mean large unstained cell counts at Week 5
(53%) and Week 27 (20%). Females at the high dose of ISATX247 showed
decreased mean lymphocyte counts at Week 9 (38%) and 27 (19%). Decreased
mean lymphocyte counts were also observed in high-dose males (29 and 18% at
Weeks 9 and 27, respectively) and high dose females (31% at Week 27) treated
with CsA. Mid-dose females treated with CsA showed decreased mean
lymphocytes (37%) at Week 9 only. The decreased mean lymphocytes were
accompanied in some occasions by decreased mean leukocyte counts. These
values were still within normal background range. However, the decrease in
lymphocytes is consistent with the expected immunosuppressive effects.
Clinical Chemistry (Prior to each scheduled necropsy on Week 5, 9, 14, 18,
and 27 and the end of recovery) – Mean blood urea nitrogen was increased in
males at Week 18 (53%) and 27 (75%) at 10 mg/kg/day ISATX247 and at Week 27
at 10 mg/kg/day CsA (80%). A statistical significance increase in mean blood urea
nitrogen was observed at Weeks 5-14 in males at 10 mg/kg/day CsA. However,
these values were within control range and considered of no toxicological
relevance. No changes were noted during the recovery period.
Mean aspartate aminotransferase and alanine aminotransferase were 96%
and 104% higher than control values at Week 27 in males at 10 mg/kg/day
ISATX247, respectively, with resolution following the recovery period. In males at 10
mg/kg/day CsA, these values were increased at Week 27 and following the
recovery period (84% and 146% higher for AST, and 128% and 206% higher for
ALT, respectively).
Mean alkaline phosphatase was higher than control values in males at 10
mg/kg/day ISATX247 at Weeks 18 (105%) and 27 (132%), and in males at 10
mg/kg/day CsA at Week 27 (216%). Following the recovery period, values were still
high (182%) in the 10 mg/kg/day CsA.
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Mean total bilirubin was increased at 10 mg/kg/day CsA at Weeks 18 and 27
(118% and 56%, respectively) in males and at Week 27 (48%) in females. A
statistical significant increase in mean total bilirubin was observed at Weeks 5-14 in
males at 10 mg/kg/day CsA. However, these values were within control range and
considered of no toxicological relevance. No differences were seen following the
recovery period.
The sponsor mentioned the increase in triglyceride as possible related to
treatment in males and females receiving 10 mg/kg/day ISATX247 or CsA. These
values were within normal physiological range and therefore are probably of no
toxicological relevance.
Slightly lower mean magnesium was observed in both sexes at 10
mg/kg/day ISATX247 at Week 9 (11% and 7% in males and females, respectively),
Week 18 (10% in males), and Week 27 (7-8% in both sexes). Slightly lower mean
values were also noted in males at 10 mg/kg/day CsA at Week 18 (11%) and 27
(5%). No differences were observed following the recovery period.
Mean glucose value was 180% higher than control in males at 10
mg/kg/day CsA following the recovery period. As noted by the sponsor, this
increase was not statistically significant probably due to a large variation in values
and a small sample size. Although increased blood glucose was not observed
during treatment, urinary glucose levels were affected (see below) and therefore, a
relationship to treatment cannot be ruled out.
Urinalysis (Prior to each scheduled necropsy on Week 5, 9, 14, 18, and 27 and
at the end of recovery) - The data was highly variable and difficult to interpret. At
Weeks 18 and 27, urine volumes were increased in males at 10 mg/kg/day
ISATX247 (2.9x and 3.7x, respectively) and CsA (2x). Following the recovery period,
urine volumes were increased 3.5x and 2.7x, respectively, at 10 mg/kg/day
ISATX247 and CsA, with the increase for CsA being statistically significant. The
increase in urine volumes at 10 mg/kg/day ISATX247 was not statistically significant
due to a large standard deviation associated with an increase in urine volume in
only 2 of 4 animals.
Although not statistically significant, higher mean values were observed for
the following parameters in males at 10 mg/kg/day ISATX247: sodium (~2.5x at
both Weeks 18 and 27), chloride (2.4x and 2.7x at Weeks 18 and 27, respectively),
and creatinine (2.5x at Week 27). In males at 10 mg/kg/day CsA, chloride was
increased 1.5x and 2.9x at Weeks 18 and 27, respectively. At recovery, chloride
was still elevated at 10 mg/kg/day ISATX247 (1.9x) and CsA (3.6x); sodium was
elevated at 10 mg/kg/day CsA (3.6x).
Urine glucose concentrations were increased in males at 10 mg/kg/day
ISATX247 at Weeks 14, 18, and 27, and in males at 10.0 mg/kg/day CsA at Weeks
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18 and 27. Following the recovery period, glucose concentrations were still
increased for both treatment groups.
Gross Pathology (At each scheduled necropsies) – No findings related to either
test article
Organ Weights (At each scheduled necropsies; adrenals, brain, stomach,
ovary, testes/epididymis, heart, kidney, liver, lung, pancreas, pituitary,
spleen, thymus, thyroid/parathyroid, and uterus/cervix) – At Week 5, increased
liver weight was observed in males at 10 mg/kg/day ISATX247; brain weight was
increased in females at all doses. At Week 9, increased uterus/cervix was observed
at 10 mg/kg/day ISATX24. At Week 18, increased liver weight and decreased testis
weight were observed at 10 mg/kg/day CSA in males. These changes, although
statistically significant, were not observed at the final necropsy, and therefore were
not considered test article related.
At Week 27, decreased (10%) epididymis weight at 10 mg/kg/day
ISATX247, increased kidney weights at 10 mg/kg/day ISATX247 (19%) and 10
mg/kg/day CsA (16%), decreased prostate weight at 10 mg/kg/day ISATX247 (25%)
and 10 mg/kg/day CsA (37%), decreased (7%) testis weight at 10 mg/kg/day
ISATX247, and decreased (46%) thymus weight at 10 mg/kg/day CsA were
observed in males. In females, increased thymus weight at 10 mg/kg/day ISATX247
(47%) and 10 mg/kg/day CsA (24%).
At the end of recovery, kidney weights were still higher (25%) in males at 10
mg/kg/day CsA, and prostate weights were still lower in males at 2.5 mg/kg/day
CsA (26%), 10 mg/kg/day CsA (34%), and 10 mg/kg/day ISA (26%; not statistically
significant).
Histopathology Adequate Battery - Yes
Peer Review - No
Histological Findings
Week 5: Increased incidence of renal tubular degeneration/regeneration (trace to
mild) in males at all doses of ISATX247 and CsA, vacuolar change (trace to mild) in
the liver at the high dose of ISATX247 and all doses of CsA in males and females,
medullary atrophy (trace to mild) of the thymus in the high dose ISATX247 and CsA
in males and females were observed (Table 32). The tubular
degeneration/regeneration was characterized by an increase in the cytoplasmic
basophilia of epithelial cells, usually in the cortex.
Table 32: Microscopic Findings in Rats after Treatment with ISATX247 or CsA at
the 5-Week Interim Sacrifice
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Finding
Renal tubular
degenaration
Males
Females
Liver vacuolization
Males
Females
Thymus atrophy
Males
Females

Control
1.25

ISA (mg/kg/day)
2.5
10

1.25

CsA (mg/kg/day)
2.5
10

0
1

4
1

7
1

4
0

3
1

1
1

3
0

0
0

0
0

0
0

2
3

2
1

2
4

2
3

0
0

0
0

1
0

10 (1)
7

0
0

1
0

10 (2)
9 (1)

( ) findings in animals that died on study

Week 9: Mild gliosis was observed in one male at the high dose CsA. Increased
incidence of renal tubular degeneration/regeneration (trace to mild) in males at all
doses of ISATX247 and CsA, and medullary atrophy (trace to mild) of the thymus in
the high dose ISATX247 and CsA in males and females were observed. Atrophy in
the thymus in the control female was of severe grade (Table 33). In contrast to
findings at Week 4, liver vacuolization was not observed. Lymphoid hyperplasia of
the mandibular lymph node was seen in males at 10.0 mg/kg/day ISATX247 (mild)
and CsA (mild to moderate).
Table 33: Microscopic Findings in Rats after Treatment with ISATX247 or CsA 9
Week Interim Sacrifice
Finding
Control
ISA (mg/kg/day)
CsA (mg/kg/day)
Renal tubular
1.25
2.5
10
1.25
2.5
10
degeneration/regeneration
Males
2
3
5
6 (1)
5
5
6
Females
1
0
1
1
0
0
0
Thymus atrophy
Males
0
0
0
10 (2) 0
4
10 (1)
Females
1
0
0
10
0
0
10
Mandibular lymph nodeHyperplasia
Males
0
0
0
3
0
0
6
Females
0
0
0
0
0
0
0
( ) findings in animals that died on study

Week 14: Although at low incidence and severity, a series of findings were noted in
the central and peripheral nervous system. Trace gliosis in the brain was observed
in one male each at the high dose of ISATX247 and CsA, trace cranial nerve
degeneration and trace to mild sciatic nerve inflammation, gliosis, and nerve fiber
degeneration were observed in 1 and 2 males at the high dose ISATX247 and CsA,
respectively. In the lumbar spinal cord, trace gliosis and nerve degeneration was
observed in 2 males at ISATX247 high-dose, 1 male at CsA mid dose, and 3 males
at CsA high dose; trace inflammation was observed in 1 female at ISATX247 high
dose. In the thoracic spinal cord, trace inflammation, gliosis, and nerve fiber
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degeneration were observed in 1 and 3 males at the high dose ISATX247 and CsA,
respectively. One control male showed trace nerve fiber degeneration.
A trend toward increased incidence of renal tubular degeneration/
regeneration (trace) in males at the mid dose of ISATX247 and all doses of CsA
(Table 34). Increased incidence of thymus atrophy was observed in males at the
high dose of ISATX247 (trace to mild) and mid (trace) and high dose (mild to
moderate) of CsA were observed. Lymphoid hyperplasia (trace to mild) involving
the perivascular/ peribronchiolar lymphoid follicles of the lung was present in males
at 10 mg/kg/day ISATX247 and CsA and a single female at 10.0 mg/kg/day
ISATX247. Liver vacuolization (trace) was observed in 2 control and 2 mid dose CsA
males and 1 high dose CsA female.
Table 34: Microscopic Findings in Rats after Treatment with ISATX247 or CsA at
the 14-Week Interim Sacrifice
Finding
Control
ISA (mg/kg/day)
CsA (mg/kg/day)
Renal tubular
1.25
2.5
10
1.25
2.5
10
degeneration/regeneration
Males
3
0
4
2
4
5
5
Females
0
1
0
0
0
0
1
Thymus atrophy
Males
0
0 (1)
1
10
2
5
7
Females
0
0
0
8
0
0
10 (1)
Lung lymphoid
hyperplasia
Males
0
0
0
7
0
0
4
Females
0
0
0
1
0
0
0
( ) findings in animals that died on study

Week 18: The findings in the central and peripheral nervous system were more
obvious at this interval in males (Table 35). The severity of these findings was trace
to mild. Cataracts (trace to moderate) started to be evident in high dose ISATX247
males. An increase incidence of cardiomyopathy (trace to mild) was observed at all
ISATX247 and CsA doses in males and at the mid and high doses of CsA in
females.
Increased incidence of trace renal tubular degeneration/regeneration
continued to be noted in males at the high dose of ISATX247 and the mid and high
doses of CsA.
Thymus atrophy in males at the mid and high dose of ISATX247 (trace to
mild) and high dose of CsA (mild to moderate), and in females at the high dose of
both (trace to mid) ISATX247 and CsA were observed.
In the lung, subacute inflammation (trace-moderate), characterized by the
accumulation of mononuclear inflammatory cells and occasionally a few neutrophils
was present in in males at 10 mg/kg/day ISATX247 and males and females at 10
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mg/kg/day CsA. Increased numbers of alveolar macrophages (trace) were also
noted in males at 10 mg/kg/day ISATX247. Lung lymphoid hyperplasia (trace)
involving the perivascular/peribronchiolar lymphoid follicles of the lung was noted in
male rats at 10 mg/kg/day ISATX247
In the spleen, lymphoid depletion (trace) of the germinal centers was present
in 3 of 10 male rats receiving CsA at 10.0 mg/kg/day.
Liver vacuolization (trace) was not observed except for 1 male at the mid
dose of ISATX247 and 1 male and 1 female at the high dose of CsA.
Table 35: Microscopic Findings in Rats after Treatment with ISATX247 or CsA at
the 18-Week Interim Sacrifice
Finding
Renal tubular
degeneration/regeneration
Males
Females
Thymus atrophy
Males
Females
Brain inflammation
(subacute)
Males
Females
Brain Gliosis
Males
Females
Brain nerve fiber
degeneration
Males
Females
Cataracts
Males
Females
Cardiomyopathy
Males
Females
Lungs inflammation
(subacute)
Males
Females
Lungs alveolar macrophages
Males
Females
Lung lymphoid hyperplasia
Males
Females
Sciatic nerve
inflammation/degeneration
Males
Females

Control
1.25

ISA (mg/kg/day)
2.5
10

CsA (mg/kg/day)
2.5
10

4
1

2
1

1
0

8
0

3
0

6
2

6
0

0
0

2
0

6
0

8
9

0 (2)
0

1
0

9 (1)
9

0
0

0
0

0
0

4
0

0
0

0
0

3
0

0
0

0
0

0
0

3
0

0
0

0
0

1
0

0
0

0
0

0
0

2
0

0
0

0
0

1
0

0
0

0
0

0
0

4
0

0
0

0
0

0
0

1
4

9
4

5
6

7
4

3
5

7
9

4
8

0
0

--b
0 (1)

--b
1

2
1

0 (0)
---

-----

7
4

0
2

0
0 (1)

0
0

4
0

0
0

0
0

1
2

0
0

0
0

0
0

2
0

0
0

0
0

0
0

0
0

0
0

0
0

2
0

0
0

0
0

1
0
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Spinal cord, cervical,
subacute inflammation
Males
0
0
0
2
0
0
1
Females
0
0
0
0
0
0
0
Spinal cord, cervical, gliosis
Males
0
0
0
3
0
0
0
Females
0
0
0
0
0
0
0
Spinal cord, cervical, nerve
degeneraton
Males
0
0
0
3
0
0
1
Females
0
0
0
0
0
0
0
Spinal cord, lumbar,
subacute inflammation
Males
0
0
0
4
0
0
7
Females
0
0
0
0
0
0
0
Spinal cord, lumbar, gliosis
Males
0
0
0
1
0
0
1
Females
0
0
0
0
0
0
0
Spinal cord, lumbar, nerve
degeneration
Males
0
0
0
2
0
1
4
Females
0
0
0
0
0
0
0
Spinal cord, thoracic,
subacute inflammation
Males
0
0
0
1
0
0
1
Females
0
0
0
0
0
0
0
Spinal cord, thoracic, gliosis
Males
0
0
0
2
0
0
2
0
0
0
Females
0
0
0
0
Spinal cord, thoracic, nerve
degeneration
Males
0
0
0
3
0
0
2
Females
0
0
0
0
0
0
0
a
b
Only 2 animals evaluated; Only one animal evaluated; --- No animals evaluated; ( ) findings in
animals that died on study

Week 27 (Terminal sacrifice): The findings in the central and peripheral nervous
system were of higher incidence at this interval in males (Table 36). The severity of
these findings was trace to mild with severity of moderate in a few occasions.
Cardiomyopathy (trace to mild) was observed this time with similar incidence as in
vehicle and saline control groups and therefore, the finding does not seem related
to treatment with the test articles. In addition to renal tubular degeneration/
regeneration (trace to mild), other renal findings with increased incidence in males
included tubular mineralization (trace) and tubular dilatation (trace to mild). In
females, however, the incidence (severity) of the renal findings was similar to that
observed in controls. In males, there was an increased incidence of lymphocytic
infiltrates in the kidney interstitium (trace) at all ISATX247 doses and at ≥2.5
mg/kg/day CsA. Hyaline casts (trace) were present in the tubules of a single male
at 2.5 mg/kg/day and 8 of 19 males at 10.0 mg/kg/day CsA.
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In the lungs, the trace inflammation (with increase incidence of alveolar
macrophages) continued to be observed with higher incidence particularly in high
dose ISATX247 males.
Thymus atrophy in males was now observed at all ISATX247 and CsA doses
(trace to moderate) in males. In females, it was only observed at the high dose of
ISATX247 and CsA with severity of trace to mild.
Liver vacuolization (trace) was not observed except for 1 male at the low
dose and 2 males at the mid dose of CsA, and 1 female at the high dose of
ISATX247.
Table 36: Microscopic Findings in Rats after Treatment with ISATX247 or CsA at
Terminal Sacrifice (26-Weeks of Treatment)
Finding
Renal tubular
degeneration/regeneration
Males
Females
Renal tubular mineralization
Males
Females
Renal tubular dilatation
Males
Females
Renal lymphocytic infiltrates
Males
Females
Thymus atrophy
Males
Females
Brain inflammation
(subacute)
Males
Females
Brain Gliosis
Males
Females
Brain nerve fiber
degeneration
Males
Females
Cataracts
Males
Females
Cardiomyopathy
Males
Females
Lungs inflammation
(subacute)
Males
Females

Control
1.25

ISA (mg/kg/day)
2.5
10

CsA (mg/kg/day)
2.5
10

4 (1)
3

12
4

12
3

16
5

5
3

9
4

14 (2)
1

0
5

0
3

0
7

3 (1)
2

0
2

1
3

4
9

0
1

0
0

0
0

4
0

1
0

4
0

14
0

2
4

8
5

9
0

8
3

0
3

6
3

8 (1)
3

1 (1)
0

18
0

18
0

20
17 (1)

0
0

18
1

17 (2)
16

0
0

0
0

0
0

3
0

0
0

0
0

1 (2)
1

0
0

0
0

0
0

5
0

0
0

0
0

2
1

0
0

0
0

0
0

3
0

0
0

0
0

2
1

0
0

0
0

0
0

11 (1)
0

0
0

0
1

8 (1)
0

12
3 (1)

9
4

9
4

11 (1)
5

14
6

15
6

5
6

3
2

-----

-----

10
4 (1)

-----

-----

10 (1)
4
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Lungs alveolar macrophages
Males
4
----11
Females
----Cranial nerve fiber
degeneration
Males
0
0
0
5
Females
Sciatic nerve
inflammation/degeneration
Males
0
0
0
7
Females
Spinal cord, cervical,
subacute inflammation
Males
0
0
0
6
Females
0
0
0
0
Spinal cord, cervical, gliosis
Males
0
0
0
0
Females
0
0
0
0
Spinal cord, cervical, nerve
degeneraton
Males
0
0
1
7
Females
0
2
2
4
Spinal cord, lumbar,
subacute inflammation
Males
0
0
2
9
Females
0
0
0
0
Spinal cord, lumbar, gliosis
Males
0
0
0
1
Females
0
0
0
0
Spinal cord, lumbar, nerve
degeneration
Males
0
0
3
8
Females
1
1
0
2
Spinal cord, thoracic,
subacute inflammation
Males
0
0
0
4
Females
0
0
0
0
Spinal cord, thoracic, gliosis
Males
0
0
0
3
Females
0
0
0
0
Spinal cord, thoracic, nerve
degeneration
Males
0
0
3
8
Females
4
4
5
11
--- No animals evaluated; ( ) findings in animals that died on study

-----

-----

13 (1)

0

0

6

0

0

6 (1)

0
0

0
0

2 (1)
0

0
0

0
0

0 (2)
0

0
2

2
2

7 (2)
1

0
0

2
0

6(2)
2

0
0

0
0

0 (1)
1

0
0

5
0

5 (2)
5

0
0

0
0

0 (2)
0

0
0

0
0

0 (1)
0

0
6

5
6

7 (2)
7

Recovery – The microscopic findings observed in the central and peripheral
nervous systems (brain, spinal cord, cranial nerves, and sciatic nerve), eye, and
thymus (CsA males only) persisted following the recovery period. The finding of
renal tubular degeneration/regeneration had similar incidence and severity
(trace/mild) as in control group except for a slightly higher incidence at the highdose CsA males, making it difficult to judge recovery. The incidences were 3/6, 3/5,
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5/6, 3/4, 1/6, 3/6, 6/6 at 0, 1.25, 2.5, and 10 mg/kg/day ISATX247, and 1.25, 2.5,
and 10 mg/kg/day CsA, respectively.
Toxicokinetics (Day 1 and Weeks 4, 8, 13, 17, and 26 at pretest and at 0.5, 1, 4,
12, and 24 hrs postdose; whole blood analyzed by validated Liquid
Chromatography – Electrospray Mass Spectrometry) - Systemic exposure of
ISATX247 or CsA was dose-related. No statistically significant differences were
observed between ISATX247 and CsA exposure in both male and female rats at the
low dose from Weeks 1-17. However, at Week 26, the exposure to CsA was
significantly higher compared to ISATX247 at the low dose. In addition, CsA
exposure was statistically higher (≤3x) compared to ISATX247 for both the 2.5 and
10 mg/kg/day dosing levels beginning at Week 4 and persisting through Week 26.
Gender-specific differences in drug exposure were confirmed for both ISA247 and
CsA with higher Cmax and AUC0-24hrs values observed in male rats. This is
consistent with the increased sensitivity observed in males for adverse findings.
The summary of the TK parameters is presented in Table 37.

Table 37: Summary of Toxicokinetics Results from Week 1, 4, 8, 13, 17, and 26
following Oral Administration of CsA and ISATX247 to Sprague-Dawley Rats
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Continuation Table 37:
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Stability and Homogeneity: For ISA247, formulations were 75-97% of the
theoretical concentration. For CsA, formulations were 86-109% of the theoretical
concentration. Homogeneity data was not presented.
Other studies conducted in rats with ISATX247 included the following. No
new target organ was identified compared to those described in Studies # ISA03-03
and # ISA01-18 above.
ISATX247: A 7-Day Oral Range Finding Study in Sprague-Dawley Rats (Study
# ISA99-08; GLP) – Mix-ISA247 was administered to Sprague-Dawley rats
(2/sex/group) by oral gavage for 7 days at dose levels of 0 (vehicle), 30, 75, 100, or
120 mg/kg/day (10 mL/kg). The vehicle consisted of Vit E-TPGS/ MCT oil/Tween
(b)
(b) (4)
40/ (4)% ethanol
No mortality occurred and there were no test
article related effects on organ weights or clinical pathology parameters. Findings
included soft feces, decreased body weight/weight gain, and decreased food
consumption in all groups compared to pre-treatment data. Dark fecal matter was
noted in the gastrointestinal tract in 2/2 rats (both sexes) of all groups including
controls. Enlargement of the mandibular lymph nodes was noted in 1 or 2 males in
all groups including controls and in females in the control group and at 75 and 120
mg/kg/day.
ISATX247: A 28-Day Oral Toxicity Study in Sprague-Dawley Rats followed by a
14-Day Recovery Period (Study # ISA00-11; non-GLP) - Mix-ISA247 or CsA was
administered by oral gavage (10/sex/group) at dose levels of 25 or 80 mg/kg/day.
An additional 5 rats/sex/group were used for recovery animals. The vehicle
(b) (4)
(b)
consisted of Vit E-TPGS/MCT oil/Tween 40 (4)% ethanol
There were 12 unscheduled deaths throughout the dosing period and one
rat was withdrawn (low dose CsA female) from the study on Day 8 for unexplained
reasons. Four of the rats that died or were euthanized (mix-ISA247 low dose male,
mix-ISA247 high dose male, CsA high dose male, and mix-ISA247 high dose
female) had respiratory clinical signs (dyspnea, wheezing, respiratory distress) prior
to death and euthanasia. Based on microscopic observations in the lung, the
sponsor considered the deaths were likely associated with inhalation of the test
article during the dosing procedure. Six rats (mix-ISA247 2 low dose males, 2 high
dose males, and 1 high dose female, and CsA 1 low dose male) died shortly after
dosing. Of these rats, 3 had a post-dose seizure (mix-ISA247 low dose male, CsA
low dose male, and CsA high dose female). Two other rats were found dead at
times not associated with dosing with no signs or cause of death determined.
Findings included soft/loose feces (all groups except high dose mix-ISA247
females), abnormal respiration (all groups except high dose mix-ISA247 females)
considered probably related to inhalation of the test article, seizures in low dose
mix-ISA males (1/1), lose dose CsA males (2/2) and high dose CsA males (1/1),
increases in BUN at the CsA and mix-ISA2 high dose, and increases in creatinine
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at CsA high dose. The seizures were interpreted by the sponsor to be incidental
effects related to handling (as these occurred during or immediately after dosing)
and the lack of a dose response.
Histopathologic changes occurred primarily in the lung and kidney. Lesions
in the lung included hyperplasia of vascular smooth muscle, and perivascular and
interstitial accumulation of inflammatory cells. There was no clear difference in
incidence or severity among dose groups. Kidney changes included
corticomedullary, interstitial and tubular mineralization, and reactive tubular
epithelium, particularly in males for both test articles, with no clear difference
between doses. These changes did not show recovery following a 14-day recovery
period. A NOAEL was not determined.
The reviewer concurred that the respiratory clinical signs as well as the
seizures may not be related to treatment as these were only observed ocassionally.
If they were related to the test articles, it was expected to see the findings occurring
more frequently or continuosly. In addition, similar effects were not observed in the
follow up, GLP, 28-day study at similar doses (Study # ISA00-08 below).
ISATX247: A 28-Day Oral Toxicity Study in Sprague-Dawley Rats followed by a
14-Day Recovery Period (Study # ISA00-08; GLP) – Mix-ISA247 was
administered by oral gavage at dose levels of 0 (vehicle), 4.6, 24.2 or 80.0
(b)
mg/kg/day. The vehicle consisted of Vit E-TPGS/MCT oil/Tween 40/ (4)% ethanol
(b) (4)
Groups included 10/sex/group for main study animals, 5/sex for
control and high dose recovery animals, and 6/sex/group (excluding vehicle group)
for TK animals. Parameters evaluated in this study included mortality, clinical
observations, body weight, food consumption, ophthalmology, clinical pathology,
TK, organ weights, gross pathology, and microscopic pathology.
No mortalities were observed. At all doses, clinical signs of soft/loose feces,
fur loose (excessive shedding), and red skin in the ears and paws were observed in
a dose-dependent manner. High dose males showed reduced mean weight gain
(reversible). By the end of treatment, food consumption was reduced in all groups
including the vehicle control (vehicle related effect). Cataracts were noted in one
rat/gender at the high dose. Cataracts persisted during recovery and were found in
2 additional high dose males. Hematological changes included decreases in MCV
and WBC (primarily due to decreases in lymphocytes) at ≥24.2 mg/kg/day, and
decreases in Hgb and Hct at 80 mg/kg/day. These changes were reversible.
Clinical chemistry showed increases in BUN at ≥24.2 mg/kg/day in males
(reversible). Histopathologically, the following findings were observed in the lens,
lymphoid organs, and kidney:
Lens – Degeneration (min to mild) in males at 24.2 mg/kg/day (1/10) and 80
mg/kg/day (4/10)
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Lymph nodes: mesenteric – Increased incidence of absence of germinal
centres at ≥24.2 mg/kg/day in males and at all doses in females
Lymph nodes: mandibular - Increased incidence of absence of germinal
centres at the high dose in both males and females
Lymph nodes: spleen - Increased incidence of absence of germinal centres
at ≥24.2 mg/kg/day in both males and females
Thymus – Medullary atrophy (severe) at ≥24.2 mg/kg/day in both males and
females
Kidney – Increased incidence of tubular basophilia (min to mild) at ≥24.2
mg/kg/day in males and high dose females; increased incidence/severity of
corticomedullary mineralization at ≥24.2 mg/kg/day in males (min to moderate) and
in high dose females (min to mild)
With the exception of lenticular degeneration and renal findings, these
findings were resolved at the completion of the recovery period. The sponsor
considered the NOAEL as 24.2 mg/kg/day based on minimal hematology (WBC),
kidney, and BUN changes. However, because histolopathologic findings of similar
incidence and/or severity as the high dose were observed at 24.2 mg/kg/day, the
reviewer considers the low dose, 4.6 mg/kg/day, as the NOAEL.
Higher systemic exposure was observed in males compared to females. No
accumulation was observed with repeated dosing for 28 days. The TK parameters
for Day 28 are summarized in Table 38.
Table 38: Summary of TK for Mix-ISA247 after Oral Administration to Rats for 28
Days

ISATX247: A 13-Week Oral Toxicity Study in Sprague-Dawley Rats followed by
a 28-Day Recovery Period (Study # ISA00-17; GLP) – Mix-ISA247 was
administered by oral gavage at dose levels of 0 (saline), 0 (vehicle), 2.5, 10, or 25
(b)
mg/kg/day. The vehicle consisted of Vit E-TPGS/MCT oil/Tween 40/ (4) % ethanol
(b) (4)
Groups included 10/sex/group for main study animals,
8/sex/group for recovery animals, and 6/sex/group (excluding saline and vehicle
groups) for TK animals. Parameters evaluated in this study included mortality,
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clinical observations, body weight, food consumption, ophthalmology, TK, clinical
pathology, organ weights, gross pathology and microscopic pathology.
One mid dose male and one high dose male, both in recovery groups, were
moribund and euthanized on Days 15 and 2 of the recovery period, respectively.
Moribund clinical signs included piloerection, impaired motor activity, hypothermia,
lack of grooming, dehydration, pallor, weakness, and/or tail ulceration.
Microscopically, these 2 animals had neuropathological findings of mild, multifocal
vascular/perivascular infiltrate (associated with gliosis and vacuolation) in the brain,
minimal, multifocal vascular/perivascular infiltrate with gliosis and vacuolation in the
spinal cord, and mild, multifocal vascular/perivascular infiltrate in the sciatic nerve.
Increased incidence of soft/loose feces was observed at ≥10 mg/kg/day,
particularly in males. Clinical signs included piloerection, hypoactivity, weakness,
lack of grooming, impaired motor activity, hyperthermia, hunched back, thin body
condition, labored/irregular respiration, subcutaneous lumps, and/or vocalization. In
1 mid-dose and 3 high-dose males these clinical signs were consistent with the
presence of similar neuropathological findings in these 4 animals as those
described above. During recovery, clinical signs such as hypoactivity, thin body
condition, lack of grooming, dehydration, white spot on the right eye, and/or
presence of lumps on the hindlimbs, digits and/or tail were observed at 25
mg/kg/day in males.
In high dose males, a treatment-related decrease in mean body weight
(4.3% on Day 50 and -16.3% on Day 91) was observed along with an increase in
mean food consumption (12-42%). Decreased body weight (11%; not statistically
significant) and increased food consumption were still observed at the end of the
recovery period (34%; not statistically significant). Cataracts (bilateral) were
observed in high dose males with onset between Weeks 4 and 8. The cataracts
were not reversible during the recovery period and in some cases appeared to
progress.
Statistically significant hematological changes observed in males included
decreases in mean white blood cells (WBC) in the mid dose group (high dose
group was not statistical significant), and decreases in mean corpuscular
hemoglobin (MCH), mean cell volume (MCV), and platelet counts, and increases in
red blood cell (RBC) at the high dose. However, all changes were slight, i.e., near
or within normal physiological range. The sponsor noted there was a decrease in
lymphocytes and neutrophils in the mid and high dose males. However, although
the mean were lower, these values were not statistically different from controls.
RBC morphological variants, such as anisocytosis, microcytosis and polychromasia
were observed with higher incidence in mix-ISA247-treated males.
Clinical chemistry findings included increased mean blood urea nitrogen
(BUN) and mean total bilirubin (mid dose also) and decreased albumin and A/G
ratio in high dose males. The sponsor noted there was an increase in serum
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glucose in high dose males, but a relationship to treatment was not clear. The
mean values did not reflect a difference but the Individual animal listings showed 5
high-dose males with higher values compared to controls (9.1-12.3 nmol/L vs. 5.9
8.4 nmol/L in saline control and 5.8-8.6 mmol/L in vehicle controls). However,
during recovery, a similar range of values (9.1-12.1 nmol/L) was observed in some
saline and vehicle control animals. In the urine, an increase in urinary glucose was
observed in males at the high dose. With the exception of decreased albumin and
A/G ratio and increased urine glucose, these changes were not observed following
the recovery period.
Increases in adrenal, spleen, kidney, and liver weights (when expressed as
% body weights) were observed in the high dose males. There were no
macroscopic or microscopic correlates for the increase in adrenal and liver weights.
Histological correlates for the hematological findings included atrophy of the
thymic medulla (min to severe) and lymphocytolysis (min to mild) in the mid and
high dose males and females, and absence of germinal centers in the spleen and
lymph nodes in the mid and high dose males and high dose females. High dose
males showed increased incidence (min to moderate) of renal corticomedullary
mineralization and bilateral renal tubular basophilia. Lenticular degeneration (mild)
was observed in high dose males. The ocular and renal findings were still observed
at recovery. The reversibility of the absence of germinal centers was not clear
because it was observed in all groups including controls, with high incidence
observed in the lymph nodes for saline control females.
Neurological findings in the brain and spinal cord were observed in all mix
ISA247 treated groups, with higher incidence and/or severity in males. The main
neurological findings in the brain and spinal cord included minimal to moderate
gliosis, minimal to moderate vascular and perivascular infiltration of mononuclear
cells, and minimal to mild vacuolation. In the sciatic nerve, mid-dose males and
high-dose females showed minimal or mild perivascular infiltrate, with minimal or
mild axonal degeneration also observed in the males. These findings were still
observed at the end of the recovery period.
Higher systemic exposure was observed in males compared to females,
consistent with the increased sensitivity in males. No accumulation was observed
with repeated dosing for 13 weeks. The TK parameters for Week 13 are
summarized in Table 39.
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Table 39: Summary of TK for Mix-ISA247 after Oral Administration to Rats for 13
Weeks

The sponsor concluded that based on the occurrence of histopathologic
effects in the brain and spinal cord in all treated groups, a NOEL or a NOAEL were
not determined. The reviewer agrees. Additional targets from those identified in the
28-day study (Study # ISA00-08) included the central and peripheral nervous
system. In addition, this study did not reveal a vehicle related toxicity.
A 13-Week Repeat Dose Oral Gavage Toxicity Study of ISA247 Formulations
in Rats Followed by a 28-Day Recovery Period (Study # ISA05-11; GLP) - This
study was conducted to investigate the potential of vitamin E-TPGS in the vehicle
to mask potential hepatoxicity. The toxicity of VCS was compared in two different
formulations: the standard vehicle [Vitamin E-TPGS/MCT oil/Tween 40/ (b)
(4)%
(b) (4)
ethanol
and a vehicle without vitamin E-TPGS [MCT oil/Tween
(b)
(b) (4)
40/ (4)% ethanol
VCS on each vehicle was administered to Sprague-Dawley rats by oral
gavage for 13 weeks at dose levels of 0, 2.5, 10, or 25 mg/kg/day for the nonvitamin E formulation, and 10 or 25 mg/kg/day for the reference formulation.
Groups included 10/sex/group for main study animals, 5/sex/group for recovery
animals (28-day recovery period), and 9/sex/group (excluding vehicle group) for TK
animals. Parameters evaluated included mortality, clinical observations, body
weight, food consumption, clinical pathology, organ weights, macroscopic and
microscopic pathology, and TK.
A total of 11 rats died prior to scheduled necropsy, as shown in Table 40. In
the table, test article refers to the formulation without Vit E, whereas reference
article refers to the formulation with Vit E.
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Table 40: Mortalities Observed after Oral Administration of Voclosporin to Rats
for 13 Weeks in Vehicle ± Vitamin E

The males in the 25 mg/kg/day test article group (animal no. 86313) that
died had fulminating bacterial pneumonia, but the exact cause(s) of death for the
other 6 animals found dead could not be determined. There were no gross or
histologic findings that could be interpreted as the cause of death, thus the deaths
were attributed by the sponsor to some unknown aspect of experimental
manipulation. Three rats (# 86292, 86315, and 86384), euthanized in extremis, had
inflammation and gliosis in the brain and spinal cord, that the sponsor considered
suggestive of viral infection. The exact cause of death for the final rat (animal no.
86419) euthanized in extremis could not be determined.
The toxicology profile of VCS was similar in both formulations. The findings
in all parameters evaluated were consistent to those observed in previous studies
(e.g., ISA03-03, ISA00-08, and ISA00-17) except that dental dysplasia of the
incisor teeth and gingival hyperplasia were identified as additional findings in the
current study. Dental dysplasia occurs spontaneously in rodents but was observed
in a dose-responsive manner for both formulations. No test article-related findings
were observed in the liver with either formulation. The microscopic findings
considered related to VCS treatment are listed below.
Brain: Gliosis (min-moderate) was observed in 1, 3, and 3 males at 2.5 and 10
mg/kg/day VCS-non-Vit E formulation and 10 mg/kg/day VCS-Vit-E formulation,
respectively. One female at 10 mg/kg/day VCS-Vit E formulation showed moderate
gliosis.
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Sciatic nerve: Axonal degeneration (min to mid) was observed in 1 and 2 males at
2.5 mg/kg/day VCS-non-Vit E formulation and 10 mg/kg/day VCS-Vit E formulation,
respectively. In females, min or mild degeneration was noted in 1 animal each at 10
mg/kg/day VCS-non-Vit E formulation and 10 and 25 mg/kg/day VCS-Vit E
formulation.
Spinal cord: Gliosis (min to mild) was observed in 1, 3, and 2 males at 2.5 and 10
mg/kg/day VCS-non-Vit E formulation and 10 mg/kg/day VCS-Vit-E formulation,
respectively. One female at 10 mg/kg/day VCS-Vit E formuation showed mild
gliosis.
Kidney: Tubular injury was characterized by vacuolar changes of epithelial lining
cells of the medullary ray and thick ascending limbs (min to mild), tubular
regeneration (min to moderate), degeneration (mild), and mineralization at the inner
stripe (min to mild). These findings showed increased in incidence and severity in
male rats given VCS-non-Vit E formulation at 10 and 25 mg/kg/day, and VCS-Vit E
formulation at 10 and 25 mg/kg/day. Minimal to mild glomerulosclerosis (min to
mild) was also observed in males. In females, findings were limited to tubular
regeneration and vaculation; both of minimal severity. In females, a treatmentrelated effect was not clear for mineralization. The incidence and severity (min to
mild) was similar between control and voclosporin treated groups except for 2
animals in the 25 mg/kg/day non-Vit E group with moderate severity. The
incidences of these findings are shown in Table 41.
Table 41: Incidence of Renal Microscopic Findings after Oral Administration of
Voclosporin to Rats for 13 Weeks in Vehicle ± Vitamin E

Finding
Regeneration, renal
tubular
Males
Females
Mineralization
Males
Females
Vacuolation, tubular
epithelium
Males
Females
Degeneration, tubular
Males
Females
Glomerulosclerosis

Voclosporin (non-Vit E formulation)
(mg/kg/day)
0

2.2

10

25

1
1

3
2

10
1

10
5

8
1

10
9

0
9

0
7

10
9

10
10

8
9

10
10

0
0

0
0

9
0

10
3

2
0

10
4

0
---

0
---

2
---

3
---

0
---

0
---
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Males
Females

0
0

1
0

3
0

1
0

1
0

7
1

---Not evaluated

Thymus: Minimal to severe atrophy with loss of medulla was observed in most rats
(7-10) given the 10 and 25 mg/kg/day VCS-non-Vit E formulation and Vit E
formulations. The severity of thymic medullary atrophy was dose-related and
associated with increased tingible body macrophages. Two of 10 male rats from the
2.5 mg/kg/day group also had mild to moderate thymic medullary atrophy.
Eyes: Lens degeneration (min to moderate) was observed in 1, 8, and 8 male rats
at 10 and 25 mg/kg/day VCS-non-Vit E formulation and 25 mg/kg/day VCS Vit-E
formulation, respectively. Three females at the 25 mg/kg/day VCS-non-Vit E
formulation showed minimal lens degeneration.
Incisor teeth: Dentin defects, ameloblastic or odontoblastic degeneration, and/or
pulp stones, collectively diagnosed as dental dysplasia (min to moderate) were
observed. Although dental dysplasia occurs spontaneously in rodents, the condition
occurred in a dose-responsive manner in both formulations. The incidence in males
was 1, 5, 5, and 6, at 0, 2.5, 10, and 25 mg/kg/day VCS-non-Vit E formulation and
3 and 6 at 10 and 25 mg/kg/day VCS-Vit E formulation, respectively. The incidence
in females was 0, 1, 1, and 3, at 0, 2.5, 10, and 25 mg/kg/day VCS-non-Vit E
formulation and 1 and 5 at 10 and 25 mg/kg/day VCS-Vit E formulation,
respectively.
Gingiva: In males, acanthosis (mild to moderate) was noted in most animals
examined (6/6, 6/9, 5/5, and 4/5) males at 10, and 25 mg/kg/day VCS-non-Vit E
and 10 and 25 mg/kg/day VCS-Vit E formulations, respectively. This was
accompanied with subacute inflammation in 3, 2, 1, and 4 males in the same
groups, respectively. In females, acanthosis (mild to moderate) was noted in most
animals examined (2/3, 3/3, and 4/6) at 10, and 25 mg/kg/day VCS-non-Vit E and
25 mg/kg/day VCS-Vit E formulations, respectively
Recovery animals showed partial resolution of treatment-related lesions.
Findings completely reversed in the thymus and were reduced in both severity and
incidence in the kidney, eyes, and teeth.
Findings in the 25 mg/kg/day groups were similar whether VCS was
administered in the non-vitamin E formulation or the formulation containing vitamin
E. In contrast, findings in the 10 mg/kg/day non-Vit E formulation were usually of
higher severity/incidence than the 10 mg/kg/day formulation with Vit E.
Toxicokinetic analysis (Table 42) showed that at 10 mg/kg/day, there was
approximately double the exposure (statistically significant) to VCS in the non-Vit E
formulation than in the formulation with Vit E, which likely accounts for this
difference.
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Table 42: Summary of TK of Voclosporin after Oral Administration to Rats for 13
Weeks in Vehicle ± Vitamin E

(b) (4)

(b) (4)
(b) (4)

(b) (4)

This study demonstrated that the toxicological profile of VCS was not
affected by the presence or absence of vitamin E TPGS in the formulation. There
was no hepatotoxity observed in the study with either formulation. Therefore, the
study supports the contention that the lack of adverse findings in the liver was not
due to the vitamin E component of the vehicle masking any hepatic toxicity of VCS.
The sponsor selected the NOAEL as 2.5 mg/kg/day. However, as noted in
the 13-week study above (Study # ISA00-17), based on the occurrence of
histopathologic effects in the brain, spinal cord, and sciatic nerve in all treated
groups, a NOEL or a NOAEL was not determined.
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Study title: A 39-Week Oral Toxicity Study in Cynomolgus Monkey
Followed by a 28-Day Recovery Period
Study no.: ISA02-01
Study report location: Electronic Doc Tab 4.2.3.2.1
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

March 15, 2002
Yes
Yes
ISATX247, lot # 32020649 and 32060948,
94.4% and 99.3% pure

Key Study Findings
•
•
•
•
•

•

One high dose (150 mg/kg/day) female died on study Day 132 due to
lymphosarcomas.
Clinical signs were limited to fecal changes in all treatment groups including
the saline and vehicle controls and swelling of the gums in mid and high
dose ISATX247-treated animals.
Decreases in CD2+ (total T cells) and CD2+/CD4+ (T helper cells), and
increases CD20+ cells (B cells) were observed at ≥ 75 mg/kg/day .
There was a direct correlation between Cmax and maximum calcineurin
inhibition (Emax).
Microscopic examination revealed test article-associated changes consisting
of lymphosarcomas in 1 male and 4 females at 150 mg/kg/day and gingival
hyperplasia and splenic lymphoid hyperplasia in males and females at 75 or
150 mg/kg/day.
The low dose (25 mg/kg/day) was the NOAEL.

Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:
Unique study design:

Saline, vehicle, 25, 75 and 150 mg/kg
Once daily for 39 weeks
Oral (gavage)
2 mL/kg
Vitamin E-TPGS/medium chain triglyceride
(b) (4)
(b) (4)
(MCT) oil/Tween 40/ % ethanol
Cynomolgus monkey (Macaca Fascicularis)
5
The study report mentioned they were young
adults; the age was not specified.
1.9-3.4 kg (males); 1.8-2.5 kg (females)
3/sex for all groups for recovery with the
exception of mid dose (75 mg/kg/day)
None
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Deviation from study protocol: None affecting the interpretation of the results
Observations and Results
Mortality (Daily) - There were 3 unscheduled deaths during this study. One saline
control male (# 1006F) died on study Day 18. This animal was replaced. A vehicle
control male animal (# 2006F) died on Day 65. Microscopic examination identified
pneumonia as the cause of death. One high dose group female (# 5507G) died on
study Day 132. Lymphosarcoma was identified as the cause of death.
In the vehicle control male (# 2006F) no clinical observations associated with
mortality were noted. The following clinical signs were noted in animal # 5507G: a
decrease in appetite, a decrease in activity, weight loss resulting in a thin body, and
thinning of animal’s hair.
Clinical Signs (Daily) - Slight to severe swelling of the gums were observed in 15/16
animals in the high-dose group. Slight to moderate swelling of the gums were also
observed in one mid-dose male and all mid-dose females. Swelling of the gums
started from Week 15 of the study in most animals with the exception of two mid
dose females. Swelling of the gums started from Week 32 of the study for these 2
mid dose females. In high-dose recovery animals, swelling of the gums was
observed until termination with the exception of 2 males which recovered by the
last week of the period.
Treated and vehicle control animals had soft to loose or liquid feces and pale
coloration from the onset of the study. These findings were also observed in saline
control animals with lower frequency, except for higher incidence of pale feces.
Body Weights (Day 1 prior to dosing and weekly thereafter) – No test article-related
effects
Feed Consumption (Recorded as part of the clinical signs) – Cannot be interpreted
the way the data was presented
Ophthalmoscopy (Funduscopic and biomicroscopic examinations pretreatment and
during Weeks 4, 13, 26, and 39) – One high dose female showed bilateral
conjunctival hyperemia and chemosis on Week 39 which was still present at
recovery. The relationship of this finding to the test article is uncertain given the
single occurrence (Note: The data was not submitted with the NDA. Upon request
by the reviewer, the data was submitted on an e-mail dated July 12, 2010).
ECG (1x pretreatment and 1x at Weeks 4, 13, 26 and 39, and at the end of
recovery; 2-4 hrs after dosing except for Week 39 where performed 1 hr prior and 2
hrs after dosing) – According to the summary report, there were no test article
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(b) (4)

Indirect blood pressure (1x pretreatment and 1x at Weeks 4, 13, 26 and 39, and at
the end of recovery after dosing except for Week 39 where performed 1 hr prior
and 2 hrs after dosing) - No test article-related effects
Hematology and coagulation (1x pretreatment and at Weeks 8, 17, 28, and 39, and
at the end of recovery) - No test article-related effects
Clinical Chemistry (1x pretreatment and at Weeks 8, 17, 28, and 39, and at the end
of recovery) - No test article-related effects
Urinalysis (1x pretreatment and at Weeks 8, 17, 28, and 39, and at the end of
recovery) - No test article-related effects
Gross Pathology (All main and recovery animals at their respective terminal
necropsies) – Thickening of the gingival was observed in 1, 1, and 4 males in the
low, mid, and high dose groups and 3 and 5 females in the mid and high dose
groups, respectively. At the end of recovery, the finding was still present in 2 highdose females.
Tissue masses, nodules, and enlarged lymph nodes observed in 3 terminal
monkeys at 150 mg/kg/day correlated with lymphosarcomas noted microscopically.
At recovery, one female treated at 150 mg/kg/day showed a nodule in the ileum
which correlated microscopicopically with lymphosarcoma.
Raised area in the spleen was noted with incidence of 1, 1, 2 in low, mid,
and high dose males and 3 and 4 mid and high dose females. At recovery, the
finding was observed in 1 male each in the saline and vehicle controls, in 2 highdose males, and in 1 mid-dose female.
Necropsy of deceased high dose female (# 5507G) revealed multiple
masses in the abdominal cavity adhering to the organs and tissues in the vicinity,
and a mass in the thoracic cavity adhering to the pericardium, thymus, and lungs.
The animal also showed enlargement of the iliac lymph nodes and dark red
coloration and enlargement of mesenteric lymph nodes. Neoplasia
(lymphosarcoma) was considered the cause of death in this monkey.
Organ Weights (all animals at terminal and recovery necropsies; adrenals, brain,
heart, kidneys, liver, pituitary, prostate, salivary gland, spleen, testes, lungs,
ovaries, pancreas, thymus, thyroid lobes, and uterus) - No test article-related
effects
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Histopathology (All main and recovery animals; terminal necropsy)
Adequate Battery: Yes
Peer Review: No
Histological Findings - Findings attributed to treatment with the test article consisted
of lymphosarcomas in multiple tissues, gingival hyperplasia, and splenic lymphoid
hyperplasia.
Lymphosarcomas were present in a total of 5 monkeys, 1 male and 4 female
at 150 mg/kg/day. One of the females (# 5507G) died as a result of the tumor on
Day 132. Very extensive and invasive tumors, which involved multiple organs in the
abdomen, thorax, and peripheral tissues, were present in the male (5005E) and
also in the decedent female (5507G). A large invasive subcutaneous tumor that
had metastasized to the inguinal lymph nodes was apparent in one female (5501A).
One female (5502B) had a tumor that was limited to the spleen and another female
(5508G) had two tumors, one each in the stomach and small intestine.
At the end of treatment, both the incidence and severity of splenic lymphoid
hyperplasia were slightly greater in males and females at 75 or 150 mg/kg/day
(Table 43). This included both germinal lymphoid tissue and differentiated
lymphocytes. There were no clear differences between controls and treated
monkeys at the end of the recovery period. Similar evaluation of mesenteric lymph
nodes did not show any meaningful differences between control and treated
monkeys at any time point.
Table 43: Incidence and Severity of Splenic Lymphoid Hyperplasia in Monkeys
Treated with ISATX247
Finding
0
(saline)
Hyperplasia,
lymphoid
Minimal
Slight
Moderate
Marked
Hyperplasia,
germinal
center(s)
Slight
Moderate

Male (mg/kg/day)
0
25
75
(vehicle)

150

0
(saline)

Female (mg/kg/day)
0
25
75
(vehicle)

150

0
0
0
0

0
0
0
0

0
2
0
0

0
2
1
0

1
2
0
2

0
0
0
0

0
0
0
0

0
1
0
0

0
4
0
0

1
0
1
2

0
0

2
0

1
0

2
2

1
1

0
0

0
0

2
0

1
3

1
1

A dysplastic focus of lymphoid tissue was present in the spleen of one
female (4602B) at 75 mg/kg/day. The pathologist noted that the changes did not
allow a clear cut diagnosis of either hyperplasia or neoplasia. Whether or not this
change was related to treatment with the test article could not be determined.
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Due to technical limitations, the pathologist explained the histological
evaluation of the gingival thickening was difficult. There was a tendency for the
incidence and/or the severity of both rete peg development (min to severe) and
lymphocytic infiltration (min to moderate) to be slightly increased in affected
animals treated at 150 mg/kg/day. This coupled with the fact that other compounds
of this class have been associated with gingival hyperplasia, lead to the diagnosis
of gingival hyperplasia for the generalized gingival thickening seen at necropsy. At
recovery, these findings were still present in all groups including controls without a
clear relationship to treatment.
Special Evaluations:
Immunotoxicity (Week 39 and where appropriate at the end of recovery) Phenotyping of whole blood showed a decrease of 18% and 17% in the mean
CD2+ values (total T cells) at 75 and 150 mg/kg/day, respectively (values in the
saline control were used for calculations). A significant decrease of 33% and 36%
was observed in the mean percentage of CD2+/CD4+ (T helper cells) in the
peripheral blood of animals at 75 and 150 mg/kg/day, respectively. Treatment with
ISA247 resulted in a 55% and 50% increase in the mean CD20+ cells (B cells) at 75
and 150 mg/kg/day, respectively. No significant change in the viability of purified
peripheral mononuclear cells or NK cell activity were observed.
During the recovery period, the mean percentage of CD2+ and CD2+/DC4+
were still lower (13% and 24%, respectively) and the mean percentage CD20+ was
still higher (50%) at the high dose (mid dose was not evaluated) compared to
control. However, no statistical significance was observed. The individual animal
listings showed that some but not all animals had recovered.
Pharmacodynamics (Day 1, Week 13, 24, and 39 at 0, 1, 2, 4, and 12 hrs
postdose) – There was a direct correlation (r=0.76) between Cmax and maximum
calcineurin inhibition (Emax). On Day 273, pooled male and female Emax, was 28 ±
18%, 59 ± 19%, and 86 ± 5% at 25, 75, and 150 mg/kg/day, respectively.
The extent and duration of immunosuppression was estimated by calculating
the length of time animals experienced calcineurin inhibition >50%. This was
calculated from pooled male and female data from all exposure periods. Male
primates experienced >50% calcineurin inhibition for 1.2, 5.5, and 7.5 hrs/day at
daily doses of 25 mg/kg, 75 mg/kg, and 150 mg/kg respectively. Female primates
experienced >50% calcineurin inhibition for 1.9, 7.0, and 8.8 hrs/day at daily doses
of 25 mg/kg, 75 mg/kg, and 150 mg/kg, respectively.
Toxicokinetics (Day 1 and Weeks 13, 24, and 39 at 0, 1, 2, 4, 8, 12, and 24 hrs post
dose; whole blood analyzed by a validated Liquid-Chromatography-Electrospray
Mass Spectrometric Method) – AUC0-24hrs and Cmax increased with dose. Cmax and
AUC0-24hrs decreased from Week 1 to Week 39, indicative of a decrease in the
absorption of ISA247 over time. Steady state levels were achieved after Week 13.
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No marked differences were observed in Cmax and AUC0-24hrs between males and
females with the exception of Week 39 in animals in the 150 mg/kg/day dose
group. However, males seems to be reaching saturation of exposure between 75
and 150 mg/k/day with repeated dosing. The TK parameters are summarized in
Table 44.

Table 44: TK Parameters in Monkeys after Administration of ISATX247 for 1, 13,
24, and 39 Weeks
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Stability and Homogeneity: The study report specifies that acceptable results were
obtained confirming stability. The data was not presented and is retained on file
with the sponsor. The dose formulations were within 90.4-129.6% of the theoretical
concentrations.
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Other studies conducted in monkeys with ISATX247 included a 7-day
repeated-dose oral toxicity study and a 13-week repeated-dose oral toxicity study.
No new target organ was identified compared to those described in Study # ISA02
01 above.
ISATX247: A 13-Week Oral Toxicity Study in Cynomolgus Monkeys followed
by a 28-Day Recovery Period (ISA01-05; GLP) - Mix-ISA247 was administered
by oral gavage to monkeys (3/sex/dose; 2-4 yrs old; 2.1-2.7 kg males and 1.8-2.6
kg females) at dose levels of 0 (saline), 0 (vehicle), 25, 75 or 150/300 mg/kg/day for
(b)
13 weeks. The vehicle consisted of Vitamin E-TPGS/MCT oil/Tween 40/ (4)%
(b) (4)
ethanol
. Initially, the highest dose selected was 150 mg/kg/day.
However, since this dose was well tolerated during the first 7 weeks of treatment,
the dose level was increased to 300 mg/kg/day on Day 50 in an effort to produce
toxicity in these animals. An additional 3 monkeys/sex for both control groups and
the high-dose were used for the 4-week recovery period. Parameters evaluated in
this study included mortality, clinical observations, body weight, appetence,
ophthalmology, blood pressure, ECGs, clinical pathology, organ weights (adrenals,
brain, heart, kidneys, liver, lungs, ovaries, pituitary, prostate, salivary glands,
spleen, testes, thymus, thyroid/parathyroid, and uterus), macroscopic pathology,
(b) (4)
microscopic pathology (full battery), and TK.

There were no mortalities in the study. Clinical signs were limited to soft
and/or liquid stools observed with increased incidence in the vehicle controls and
all ISATX247 doses compared to saline controls. The severity (more liquid feces) of
the fecal changes was higher at 150/300 mg/kg/day. Dark feces were also noted in
vehicle control and all ISATX247 doses. One high dose female included occasional
decreases in food intake, thin body condition, tremors (at the end of the first month
of treatment) and crouching.
Gingival thickening was observed at necropsy in one male each at all
ISATX247 doses and 2 mid-dose females. At recovery, this finding was observed in
one vehicle control male. This finding was correlated microscopically with minimal
gingival epithelial hyperplasia associated with minimal to mild inflammation; these
included 3 vehicle control females and 3 mid-dose animals (one female and two
males). However, in the absence of a clear dose-response relationship and since
changes similar to those observed in the ISATX247-treated animals were also seen
in 3 vehicle control animals, these findings could not clearly be attributed to the test
article in this study.
A statistical significant decrease in mean spleen weight was observed in
vehicle (37%), mid (40%), and high dose (40%) males compared to saline controls.
The decreases in the mid and high dose were considered test article-related as
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there was a microscopic correlate. Mean thymus weight was decreased at the high
dose (34%) but there was no statistical significance. The mean prostate weight was
decreased in vehicle (53%) and all ISATX247 doses (41%-57%) without a clear
dose relationship and no microscopic finding. Females showed a trend towards
decreased mean spleen weight (27-35%; not dose dependent) at all ISATX247
doses and mean thymus weight (34% at the mid dose; 43% at the high dose)
weights without statistical significance. At recovery, thymus weight was still lower in
high dose males (48%; p<0.05).
Microscopic findings in the mesenteric lymph node, spleen, and thymus
were consistent with the immunosuppressive characteristics of the test article.
These, however, were not seen in the 39-week study above (Study # 02-01).
Mesenteric lymph nodes: Absence of germinal centers in 1, 3, 1 males and 1, 2,
and 2 females at 25, 75, and 150/300 mg/kg/day, respectively. This finding was not
observed in recovery animals.
Spleen: Decrease number and size of follicular germinal centers of one female at
25 mg/kg/day, one female at 75 mg/kg/day, and 2 males and 2 females at 150/300
mg/kg/day. At recovery, the finding was observed in 1 saline control female and 1
high dose male.
Thymus: Medullary atrophy in one male (mild) at 25 mg/kg/day, 2 males (mild) and
1 female (minimal) at 75 mg/kg/day and 3 males (mild to moderate) and 2 females
(minimal and moderate) at 150/300 mg/kg/day. This finding was not observed in
recovery animals.
TK: Blood samples were collected on Days 1, 28, 50, and 90 and concentrations of
ISATX247 in the whole blood samples were analyzed by a validated High
Performance Liquid Chromatographic-Mass Spectrometric method. On Day 1, Cmax
and AUC values increased with dose. Saturation of exposure was observed
between 75 and 150 mg/kg/day initially in females at Day 28, while in males it was
initially observed between 75 and 300 mg/kg/day at Day 90. No consistent sexrelated differences in exposure were observed; males had generally higher
exposure at 25 and 150/300 mg/kg/day, while the opposite was true at 75
mg/kg/day. There was no evidence of accumulation. The TK parameters for Week
13 are shown in Table 45.

Table 45: TK Parameters in Monkeys after Administration of ISATX247 for 13
Weeks
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As stated by the sponsor, based on the occurrence of gingival changes and
histopathologic observations of lymphoid atrophy in the spleen, thymus, and lymph
nodes at all doses, a NOEL or NOAEL was not determined in this study.
ISATX247: A 7-Day Oral Range-Finding Toxicity Study in Cynomolgus
Monkeys (Study # ISA00-20; GLP) - Mix-ISA247 (lot # A-1234) was administered
to cynomolgus monkeys (1/sex/group) by oral gavage for 7 days at dose levels of 0
(vehicle), 50, 100, or 200 mg/kg/day. The vehicle consisted of Vitamin E-TPGS/
(b)
(b) (4)
MCT oil/Tween 40/ (4)% ethanol
No deaths occurred during the
study and there were no test-article related effects in clinical pathology
(hematology, coagulation, clinical chemistry, and urinalysis) and macroscopic
pathology. Changes in the color and texture of feces (soft/loose and/or dark feces)
were observed for all groups including vehicle control; these effects were likely
vehicle-related. The 2 animals in the high dose showed a higher incidence of
decreased appetite. Body weight was decreased slightly at 200 mg/kg on Day 7
compared to Day 1 (male 18%, female 5%). Moderate amounts of blood were
found in the urine of the female at 50 mg/kg/day and the male and female at 200
mg/kg/day. In females, this could be a normal finding. However, since a
histopathological evaluation was not conducted on tissues obtained from these
animals, the toxicological significance of this finding remains uncertain. The NOAEL
was 100 mg/kg/day.
Study title: ISATX247: A 13-Week Oral Toxicity Study in Beagle Dogs
Followed by a 28-Day Recovery Period
Study no.: ISA01-01
Study report location: Electronic Document Section 4.2.3.2.1
(b) (4)
Conducting laboratory and location:
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Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

May 12, 2000
Yes
Yes
ISATX247, lot # A-1212, % purity not
specified

Key Study Findings
• Findings included mild adverse gastrointestinal effects (namely diarrhea and
emesis), swelling of the gums (which correlated microscopically with the
finding of gingival hyperplasia), reduced body weight gain, decreases in
albumin levels, and increases in globulin levels at 10 mg/kg/day and/or 35
mg/kg/day.
• Microscopic changes consistent with the immunosuppressive characteristics
of the test article (absence of germinal centers in the spleen and thymic
atrophy) were noted at ≥10 mg/kg/day.
• All findings, with the exception of the changes in albumin and globulin were
reversible following a 28-day recovery period.
• The NOEL/NOAEL for oral administration of mix-ISA247 was considered to
be 2.5 mg/kg/day.
Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:

0 (saline), 0 (vehicle), 2.5, 10, and 35 mg/kg/day
Once daily for 13 weeks
Oral gavage
0.5 mL/kg
Vitamin E-TPGS/medium chain triglyceride
(b) (4)
(MCT) oil/Tween 40 (b) (4)% ethanol

Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:

Beagle dogs
3
6 months old
7.6-10.1 kg males; 6.4-8.0 kg females
3/sex for both control groups and high-dose
ISATX247 for a 28-day recovery period
Deviation from study protocol: None that will affect the interpretation of the
study
Observations and Results
Mortality (Daily) - None
Clinical Signs (Daily) – Soft, mucoid, and/or liquid stools were observed with
increased incidence in the vehicle controls and all ISATX247 doses compared to
saline controls. The severity (more liquid feces) of the fecal changes was higher at
35 mg/kg/day. Emesis (based on the observation of beige pasty material on the
trays) was noted in all groups including saline and vehicle controls with increased
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incidence at 35 mg/kg/day. Swelling of the gums was observed in 3/3 males and
1/3 females at 10 mg/kg/day and in all dogs at 35 mg/kg/day. Swelling of the gums
was noted as early as Day 29 at 35 mg/kg/day and at Day 50 at 10 mg/kg/day. At
recovery, swelling of the gums was still observed in males.
Body Weights (Pretreatment and weekly during treatment) - Slightly lower (3-6% on
Day 92; not statistically significant) mean body weights were observed in males at
10 and 35 mg/kg/day compared to the saline or vehicle controls from Day 8
onward. Values were comparable to controls at the end of the 4-week recovery.
Feed Consumption (Daily) – During the first 2-3 weeks of treatment, mid and high
dose males showed lower feed consumption compared to both controls (15-18%
compared to the saline control; 4-8% compared to the vehicle control). Given the
transient nature of the finding, it is probably unrelated to the test article. No test
article-related effects were noted afterwards.
Ophthalmoscopy (Pretreatment and during Weeks 4, 8, and 13; indirect
(b) (4)
ophthalmoscopy and slit lamp examinations) – No test-article related effects

ECG (Pretreatment and during Weeks 4 and 13) – According to the summary
(b) (4)
report, there were no test article-related effects.
Indirect Blood Pressure (Pretreatment and during Weeks 4 and 13) – No test article
related effects
Hematology and coagulation (Pretreatment and during Weeks 4 and 13) – No test
article-related effects
Clinical Chemistry (Pretreatment and during Weeks 4 and 13) – When compared to
values obtained during the pretreatment period and to values obtained from control
animals (saline and vehicle) slight to moderate decreases in albumin (44% in
males; 38% in females) accompanied by moderate increases in globulin (40% in
males; 25% in females), resulting in a decreased A/G ratio, were noted during
Week 13 at 35 mg/kg/day. At the end of the 28-day recovery period, these
changes were still observed in males. As noted by the sponsor, in the absence of
any signs of liver malfunction and/or severe inflammation, the toxicological
significance of these findings remains uncertain.
Urinalysis (Pretreatment and during Weeks 4 and 13) – No test article-related
effects

108
Reference ID: 4737856

(b) (4)

Reviewer: María I. Rivera
Theresa Allio: Genetic and Reproductive Toxicity

Gross Pathology (Day 92 for main animals; Day 120 for recovery animals) 
Thickening of the gums was noted 1 male and I female at 10 mg/kg/day and 2
males and 3 females at 35 mg/kg/day.
The sponsor noted that although clinically the gums were still swollen in
males at the end of the recovery period, at necropsy these swellings were judged of
minimal severity. Therefore, the gums for the recovery animals were not collected
for histopathological examination. Since the swelling/thickening of the gums had
completely disappeared at the end of the recovery period in females and was of
minimal severity in males, the sponsor considered this finding as reversible.
Organ Weights (all animals at terminal and recovery necropsies; adrenals, brain,
heart, kidneys, liver, lungs/trachea, pituitary, prostate, salivary gland, spleen,
testes, thymus, thyroid lobes/parathyroid, and uterus) – No test article-related
effects
Histopathology (all animals at terminal and recovery necropsies) 
Adequate Battery: Yes
Peer Review: No
Histological Findings: Compound-related microscopic changes were limited to the
spleen, thymus, and oral cavity.
An absence of germinal centers, consistent with the immunosuppressive
characteristics of the test article, was noted in the spleens of 1 male and 3 females
at 35 mg/kg/day. This finding was also noted in 1 vehicle control female and 1 male
at 2.5 mg/kg/day. Therefore, except for high dose females, a clear relationship to
ISATX247 treatment in the other groups is not clear.
Minimal to moderate thymic medullary atrophy was noted in 2 males and 2
females at 10 mg/kg/day and all animals (3/sex) at 35 mg/kg/day. The finding was
also considered likely to be due to the immunosuppressive effects of the test
article.
Minimal to moderate gingival hyperplasia, correlating macroscopically with
the finding of thickening of the gums, was recorded in 1 male (mild) and 1 female
(minimal) at 10 mg/kg/day and 2 males (mild and moderate) and 3 females
(minimal to mild) at 35 mg//kg/day.
There were no microscopic findings in any of the recovery animals that could
be attributed to ISATX247. Therefore, all findings were considered to be reversible
following 28 days of recovery.
Toxicokinetics (Day 1, 28, and 90 at predose, 30 min, and 1, 2, 4, 8, 12, 18, and 24
hrs postdose; whole blood analyzed for ISATX247 by High Performance Liquid
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Chromatography Mass Spectrometry) - Systemic exposure of dogs (whole blood)
ISATX247 increased with dose. For most part, AUC was higher in males compared
to females. However, mean AUC values for males were only statistically greater
than females at 35 mg/kg/day. No accumulation was observed after 90 days of
daily dosing. Table 46 shows the TK parameters.
Table 46: TK Parameters in Dogs after Oral Administration of ISATX247 for 1, 28,
and 90 Days

Stability and Homogeneity: The study report (p. 15) states that samples from the
top, middle, and bottom were taken from the stock solution prior to dilution and from
each dilution at the beginning of Weeks 1, 6, and 13. These data were not included
in the study report. The report states that the conduct of the analysis was the
responsibility of the sponsor and the results will be reported independently by the
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sponsor.
ISATX247: A 14-Day Oral Toxicity Study in Beagle Dogs Followed by a 14-Day
Recovery Period (Study # ISA00-09, GLP) - Mix-ISA247 (lot # PT-99H024) was
administered by oral gavage to groups of Beagle dogs daily for 14 days at dose
levels of 0 (vehicle), 2.5, 10.0 or 51.5 mg/kg/day. The vehicle consisted of Vitamin
(b) (4)
(b) (4)
E TPGS/MCT oil/Tween 40 % ethanol
Groups included
3/sex/group for main study animals, and 2/sex for control and high dose recovery
animals. Parameters evaluated in this study included mortality, clinical
observations, body weight, food consumption, ophthalmology, electrocardiograms,
heart rates, clinical pathology, organ weights, macroscopic pathology, microscopic
(b) (4)
pathology, and TK.

Findings similar to those in the 13-week study included emesis and diarrhea.
The emesis occurred in all dose groups including the vehicle control, with more
severity and/or frequency at the high dose. Diarrhea (liquid feces) and other
changes in the consistency and color of the feces (soft, loose, red, brown, dark,
green, pale, etc) were noted at the high dose, particularly in males. Two high dose
males showed signs of weakness and/or poor condition (e.g., decreased activity,
thin body condition, pallor), which were considered to be related to severe vomiting.
Mean body weight was decreased (12% in males; 14-17% in females) throughout
the study at the high dose. Mean food consumption was decreased 7-69% and 24
56% in high dose males and in females, respectively, with a more pronounced
effect during the first week of treatment. These findings showed recovery.
A slight but statistical significant decrease was observed in albumin (20%),
calcium (10%), and total protein (15%) in high dose males. Females showed a
similar trend (12%, 6%, and 13% decrease, respectively) but without statistical
significance.
The mean weight of the thymus was decreased in mid (18%) and high dose
(56%) males and all doses in females (15, 21, and 47% at low, mid, and high dose,
respectively). The prostate weight was decreased at the mid dose (29%) and high
dose (72%) consistent with higher incidence of males with small prostate. However,
the prostate was not evaluated microscopically. None of these changes showed
statistical significance. Lower weight of the thymus was still present at recovery.
Macroscopic findings included small thymus in 1 high-dose male and 2 highdose females. Small spleen was observed in 1 high-dose male and female. These
findings correlated with microscopic findings of thymic atrophy, absence of germinal
centers in the spleen, mesenteric and mandibular lymph nodes, and lymphoid
atrophy in the small intestine in high dose males and females. Hypocellular marrow
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(minimal to moderate) of the femur and sternum was noted at the mid (1-2 animals)
and high dose (3 animals) in females and high dose males (1 animal). These
effects were attributed to the immunosuppressive effects of mix ISA247. The
effects in the thymus were still observed at recovery.
Systemic exposure to ISATX247 (analyzed by LCMS) was dose-related
(Table 47). No consistent trends were evident of accumulation and there appeared
to be no significant sex-related differences. As noted by the sponsor, the TK profile
for each animal indicated that mix-ISA247 was absorbed and systemic exposure in
Beagle dogs occurred at substantial levels, in spite the variability observed as a
result of the sporadic emesis and regurgitation.
Table 47: TK Parameters in Dogs after Oral Administration of ISATX247 for 14
Days

The NOAEL for mix-ISA247 was 2.5 mg/kg/day, same as that observed in
the 13-week study. Compared to the 13-week study, effects on the bone marrow
became apparent in this study at the high dose of 51.5 mg/kg/day. This finding was
not apparent in the 13-week study at doses up to 35 mg/kg/day. The swelling of the
gums was not observed in this study probably due to the short duration of the
study. Swelling of the gums was noted as early as Day 29 at 35 mg/kg/day and at
Day 50 at 10 mg/kg/day in the 13-week study.
Characterization of the Emetic Effects of ISATX247 in Beagle Dogs (Study #
ISA00-19, GLP) - In order to investigate emetic effects previously observed in a 14
day toxicity study in Beagle dogs (Study # ISA00-09), mix-ISA247 (lot # A-1477)
was administered to dogs (1/sex/group) at dose levels of 0 (vehicle), 2.5, 10, or 35
mg/kg/day by oral gavage daily for 7 days followed by administration of enteric
coated capsule for an additional 7 days. The vehicle consisted of Vitamin E TPGS/
(b) (4)
(b)
MCT oil/Tween 40/ (4)% ethanol
Prior to initiation of treatment
with ISATX247, animals were administered the vehicle alone by oral gavage for 7
consecutive days.
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Emesis was observed with no clear differences in the incidence or severity
between dose groups or between the two methods of dosing. Emesis was noted
occasionally during the 7-day vehicle alone-administration period, indicating that
ISATX247 was contributing to the finding. The administration of ISATX247 by oral
gavage also produced occasional lethargy and slight to moderate body weight loss
in the 35 mg/kg/day animals of both sexes. The body weight loss in the 35
mg/kg/day male was accompanied by a slight decrease in food consumption.
The presence of small amounts of mucoid/wet/liquid, white/yellow/brown/
red/green material in the feces in one or both animals of all ISATX247-treated
groups was observed with higher frequency at the high dose. These fecal findings
were also occasionally present in animals treated with vehicle alone. Therefore, the
data suggest the test article was contributing to the finding.
Studies in mice to support the 2-yr carcinogenicity study:
The following studies were conducted to support the 2-yr mouse
carcinogenicity study. These studies were reviewed by Steve Kunder, Ph.D.,
(b) (4)
Division of Special Pathogens and Transplant Products,
(See Dr.
Kunder’s review on Appendix B).
A 14-Day Oral Gavage Dose Range-Finding Study of ISA247 in CD-1 Mice
(Study # ISA05-16, GLP) – Mice (10/sex/dose) were administered ISA247 (VCS;
lot # XPP0409011) by oral gavage at doses of 0 (saline), 0 (vehicle), 15, 30, 60,
125, and 250 mg/kg/day. Drug related effects included soft feces, hematology
(decreased hematocrit, hemoglobin, and lymphocyte counts, and increased
reticulocytes), clinical chemistry (increased bilirubin, triglycerides, cholesterol, and
decreased magnesium). A slight decrease in body weight gain was noted at 250
mg/kg/day in males (0.93 g compared to 1.82 g in saline controls and 1.67 g in
vehicle controls). No findings were noted at 15 mg/kg/day. Based on these results
doses of 5, 30, and 125 mg/kg/day were selected for the 13-week repeated dose
toxicity study.
A 13-Week Oral Gavage Dose Range-Finding Study of ISA247 in CD-1 Mice
(Study # ISA05-17, GLP) – VCS was administered to groups of CD-1 mice
(14/sex/group) by oral gavage once daily for 13 weeks at dose levels of 0 (saline),
0 (vehicle), 5, 30, and 125 mg/kg/day. The following information was not included in
the draft report reviewed by Dr. Kunder or needed further clarification:
Drug, lot #, % purity: ISA247, lot # XPP0409011, % purity = ~100% based on
(b)
HPLC concentrations of 49.9-50.1 mg/mL for a solution of (4) mg/mL
Age: 6 weeks old
Weight: 24.3-32.9 f for males; 19.4-26.6 g for females
Dose volume: 5 mL/kg
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Organs weighed: Adrenals, brain, epididymides, heart, kidneys, liver,
ovaries/oviducts, pituitary, spleen, testes, thymus, and thyroid/parathyroids from
all animals
Histopathology evaluation: Performed on all tissues of the standard battery from
all animals in the saline, vehicle and 125 mg/kg/day groups at the scheduled
necropsy and from all animals found dead or euthanized in extremis. The heart,
ovaries, eyes, brain, spinal chord, sciatic nerve, kidneys, liver, lymph nodes,
spleen and thymus were examined from all animals in the 5 and 30 mg/kg/day
groups.
Six males and 4 females were found dead or euthanized in extremis prior to
the scheduled necropsy. One 125 mg/kg/day group male and one 125 mg/kg/day
group female were euthanized in extremis on Days 85 and 43, respectively. One
125 mg/kg/day group male was found dead on Day 57. Possible causes of death
for these 2 high-dose males included lymphoid depletion and/or necrosis in various
tissues, and substantial inflammation/infection most commonly in the preputial
gland, skin, ear (pinna), or tail. The high-dose female showed prominent lymphoid
depletion and intestinal hemorrhage. The deaths of the remaining animals found
dead (1 male and 1 female in the vehicle, 5 mg/kg/day and 125 mg/kg/day groups,
and 1 male in the 30 mg/kg/day group) were not considered test article-related as
they occurred in the control group, were attributed to gavage error or were
undetermined.
Drug related effects listed by Dr. Kunder on his review include soft feces,
hematology (decreased lymphocyte counts), clinical chemistry (increased alkaline
phosphatase, glucose, and cholesterol; decreased magnesium), and histpathology
(myocardiac basophilic mineralization, lymphoid depletion, thymic hypocellularity,
liver vacuolation, and ovaries with decreased corpora lutea). Additional findings to
those listed in Dr. Kunder’s review include:
The mean absolute lymphocyte counts were also reduced in the mid dose
(48% in males; 56% in females) in addition to the high dose (56% in males; 45% in
females), compared to the vehicle controls.
In addition to the increased mean liver weight in females (16%) and mean
spleen weights (32% in males; 28% in females), other organ weight changes noted
at the high dose group included decreased mean ovary weights (17%), and
decreased mean thymus weight (33% in males). All organ weight changes, except
for the spleen, had a microscopic correlate.
Small thymus was noted in males at 125 mg/kg/day upon macroscopic
evaluation. Microscopically, hypocellular thymus (minimal to severe) was noted at
the high dose as well as the mid dose in both genders. Minimal to mild mesenteric
lymph node hyperplasia (lymphoid/histiocytic) was observed in females at 135
mg/kg/day, in addition to the hypocellularity. Severe chronic active skin
inflammation was observed in one high dose male.
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Dr. Kunder recommended the sponsor to evaluate the 30 mg/kg/day group
microscopically for the presence of mineralization in the heart. This change was
characterized by focal to multifocal basophilic mineralized areas in the myocardium,
without clear evidence of myocardial necrosis or inflammation. In males, minimal
severity was observed across groups with incidence of 0, 0, 1, and 6 in saline,
vehicle, 30 mg/kg/day, and 125 mg/kg/day, respectively (low dose was not
evaluated). In females, minimal to mild mineralization was observed with incidence
of 1, 0, and 6 in saline, vehicle, and 125 mg/kg/day, respectively (low and mid-dose
animals were not evaluated). Therefore, it appears that the higher incidence at the
high dose was related to ISA247.
The microscopic findings observed in mice are shown in the Table 48.
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Table 48: Incidence of Histopathological Findings in Mice Treated with ISA247 for
13 Weeks

Systemic exposure to ISA247 increased with increasing dose (Table 49). No
significant differences were observed in voclosporin concentrations between male
and female mice at Week 12, with the exception of a higher AUC0-4hrs in females at
the high dose. Due to deaths at the high dose, AUC0-4hrs was the only AUC value
that could be used for dose group comparisons.
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Table 49: TK Parameters in Mice after Oral Administration of ISA247 for 12 Weeks

Mortalities and histological findings observed in the 125 mg/kg group
indicate this dose was above the MTD. Therefore, the mid-dose (30 mg/kg) was
recommended as the high dose for the 2-yr carcinogenicity study in mice. The
NOEL was 5 mg/kg/day. The Exec CAC recommended dosing mice in the
carcinogenicity study with drug product at 0 (saline control), 0 (vehicle control), 3,
10, and 30 mg/kg/day (Facsimile dated Feb. 23, 2006).
and Prednisone: A 13-Week Oral
Study title:
Voclosporin (
Combination Toxicity Study Followed by a 4-Week Recovery Period in
Sprague-Dawley Rats
Study no.: 70881
Study report location: Electronic document Tab 4.2.3.2.1
(b) (4)
Conducting laboratory and location:
(b) (4)

Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

April 13, 2009 (experimental start)
Yes
Yes
Voclosporin (ISA247), lot # P080902,
98.8% pure

Key Study Findings
• Test article-related mortalities included one male given VCS 10/Pred and 2
males given VCS 25/Pred. These mortalities were associated with infections
considered secondary to the immunosuppressant effect of the test articles.
• Hematological and clinical chemistry changes were observed in males given
VCS 10/Pred, VCS 25/Pred, and/or VCS 25/WFI, with the highest severity
observed in males given VCS 25/Pred.
• Microscopic changes in lymphoid tissues were noted in treatment with either
VCS or prednisone alone or in combination.
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VCS treatment was associated with specific microscopic findings in bone
marrow, kidneys, nervous tissue, and lungs that were not associated with
prednisone.
Prednisone treatment was associated with specific microscopic findings in
the bone marrow, kidneys, and adrenal glands that were not associated with
VCS.
No new toxic effects occurred in rats administered voclosporin and
prednisone in combination, compared to rats administered each article
separately.
Exposure to voclosporin was generally greater in males than in females.
Simultaneous exposure of voclosporin up to 25 mg/kg/day and prednisone
did not seem to affect exposure to prednisone/prednisolone, except for
males given voclosporin (25 mg/kg) + prednisone (0.5 mg/kg) on Day 77
(higher exposure).
Voclosporin exposure was slightly higher (< 2x) than when given in
combination with prednisone, except for females on Day 91.

Methods
Doses:

Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:

0 (vehicle) + water for injection (WFI) (Veh/WFI)
0 (vehicle) + 0.5 mg/kg/day Prednisone (Veh/Pred)
2.5 mg/kg/day + 0.5 mg/kg/day Prednisone (2.5
VCS/Pred)
10 mg/kg/day + 0.5 mg/kg/day Prednisone (10 VCS/Pred)
25 mg/kg/day + 0.5 mg/kg/day Prednisone (25 VCS/Pred)
25 mg/kg/day + WFI (25 VCS/WFI)

Once daily for 13 weeks
Oral gavage
0.5 mL/kg pred or WFI; 1 mL/kg VCS or vehicle
Vitamin E-TPGS/medium chain triglyceride (MCT)
(b) (4)
oil/Tween 40/ (b)
(4)% ethanol
Crl:CD (SD) Sprague-Dawley rats
10
9-10 weeks old
297-398 g for males; 212-269 g for females
5/sex for a 28-day recovery period; 2/sex/group for
TK analysis - 6/sex/group euthanized following the
final blood collection on Day 1 and the remaining
6/sex/group following Day 91 sampling

Observations and Results
Mortality (Daily) – Five unscheduled deaths occurred. Female # 1513C and male #
1007 treated with vehicle/WFI were found dead on Day 38 and Day 92,
respectively. Male # 5012C (VCS 25/Pred) was found dead on Day 36. Male #
4010B (VCS 10/Pred) and male # 5015C (VCS 25/Pred) were pre-terminally
euthanized on Days 60 and 94, respectively due to poor and deteriorating
condition.
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Male # 4010B had evidence of an infectious process in the brain that would
have contributed to the rat’s poor clinical condition. Male # 5012C had bacterial
infection in a number of organs including the heart and brain that accounted for the
death. Male # 5015C had evidence of urogenital bacterial infection that would have
contributed to the rat’s poor clinical condition. As noted by the sponsor, the
mortality noted in the animals treated with VCS 10/Pred and VCS 25/Pred was
considered related to the immunosuppressant effect of the test articles, leading to
secondary infections (concluded from microscopic data), rather than a direct effect
of either test article.
Clinical Signs (Daily) – Wet fur of the urogenital area, swelling and white material
on the penis, loose feces, tremors, dehydration, thin body condition were noted in
males given VCS 10/Pred, VCS 25/Pred, and VCS 25/WFI as early as Day 43.
These clinical signs of the urogenital area, especially the inflammation and white
material on the penis, were most severe in animals given 25 mg/kg/day VCS ±
Pred. The urogenital associated findings persisting until the end of the treatment
period. These findings partially resolved during the recovery period.
Body Weights (Pretreatment and at least once weekly during treatment and
recovery periods) – Lower mean body weights were observed in males treated with
VCS 10/Pred, VCS 25/Pred, and VCS 25/WFI within the first week of treatment
(Day 7) compared to the concurrent control (Vehicle/WFI). The greater effect was
observed in males treated with VCS 25/Pred. On Day 91, mean body weight was
decreased (p<0.001) by 18%, 37%, and 27% in males treated with VCS 10/Pred,
VCS 25/Pred, and VCS 25/WFI, respectively. Females treated with VCS 10/Pred
and VCS 25/WFI showed comparable or slightly higher mean body weights to the
concurrent control (Vehicle/WFI); no statistical significance was observed. The
lower body weights were still observed in males during recovery.
The decreased body weight observed in males during treatment was
consistent with decreased mean body weight gain. However, mean body weight
gain was comparable to controls at recovery, indicating that the animals were
recovering. In females, mean body weight gain showed comparable values during
treatment and recovery. Therefore, the body weight changes were probably related
to normal variability.
Feed Consumption (Pretreatment and at weekly afterwards during treatment and
recovery periods) – There were large variations in food consumption with no
specific effect, except for an increase in food consumption in females given VCS
25/WFI. The sponsor noted that the large variations in food consumption values
were a result of the number of animals which were administered wet food due to
poor clinical condition. No differences were noted during recovery.
Water Consumption (Week 9 of treatment for all animals; animals assigned to the
recovery period - last week of the treatment period, first week of the recovery
period, and last week of the recovery period) – Increased mean water consumption
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was noted in males given VCS 10/Pred, VCS 25/Pred, and VCS 25/WFI compared
to the vehicle/WFI control. The increase was evident at Week 9 in the VCS 25/Pred
and VCS 25/WFI groups and at Week 12 in the VCS 10/Pred group. At Week 13,
the increase was 2.3x, 5x (p<0.01), and 5.5x (p<0.001) at VCS 10/Pred, VCS
25/Pred, and VCS 25/WFI, respectively. Mean water consumption for these groups
remained higher than control through the end of the recovery period.
Ophthalmoscopy (Pretreatment and at Day 24, 53, and 88 of the treatment period
and Day 115 of the recovery period; indirect ophthalmoscopy and slit lamp
examinations) – Cataracts were observed in animals given VCS 10/Pred (Group
4), VCS 25/Pred (Group 5), and VCS 25/WFI (Group 6) beginning at the 8-week
ocular examination. The distribution of cortical cataracts is summarized in Table 50.
Table 50: Summary of Incidence of Cortical Cataracts in Rats Treated with 10 or
25 mg/kg/day VCS ± 0.5 mg/kg/day Prednisone for 13 Weeks

Hematology and coagulation (At treatment and recovery terminations) – Statistically
significant slight to moderate increases in mean red blood cells (16%), hematocrit
(12%), hemoglobin (14%), and slight to moderate decreases in mean platelets
(39%), and absolute (28%) and relative reticulocytes (38%) were noted in males
given VCS 25/Pred. In males given VCS 25/WFI, statistically significant increases
in red blood cells (8%) and decreases in platelets (20%), mean corpuscular volume
(5%), and % reticulocytes (22%) were observed. Animals given VCS 10/Pred
showed a decrease (18%) in mean platelets. Except for the decrease in platelets in
animals given VCS 10/Pred and VCS 25/WFI, these changes were still present at
recovery.
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The sponsor noted WBC were increased in males given VCS 25/Pred and
VCS 25/WFI. Individual animal listings showed overlapping values to those
observed in controls except for 2 males given VCS 25/Pred (~75%↑) and 1 male
given VCS 25/WFI (139%↑). These animals also showed increases in neutrophils
and monocytes.
There was a slight decrease in mean activated partial thromboplastin time
(APTT) in males given VCS 25/Pred (11%) and VCS 25/WFI (9.5%) compared to
the vehicle/WFI control. No difference was observed at recovery.
Clinical Chemistry (At treatment and recovery terminations) – Statistically
significant increases in mean alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), urea, blood urea nitrogen
(BUN), and glucose values were noted in males given VCS 10/Pred, VCS 25/Pred,
and VCS 25/WFI in comparison with vehicle/WFI controls. The magnitudes of the
differences were more pronounced males given VCS 25/pred 0.5 compared to VCS
25/WFI (Table 51). Total bilirubin, total protein, albumin, and calcium were
decreased and phosphorous was increased in males given VCS 25/Pred and VCS
25/WFI.
Table 51: Clinical Chemistry Changes in Male Rats Treated with 10 or 25
mg/kg/day VCS ± 0.5 mg/kg/day Prednisone for 13 Weeks (Values as % Control)

Dose
Group
VCS
10/Pred
VCS
25/Pred
VCS
25/WFI

ALT

AST

ALP

Total
Bili

↑65

↑43

↑59

---

↑600

↑400

↑200

↑73

↑45

↑67

Urea

BUN

Total
Prot

↑47

↑60

↑56

---

---

---

--

↑48

↑78

↑184

↑181

↓12

↓15

↓7

↑21

↑72

↑30

↑147

↑143

↓8

↓17

↓7

↑11

Glu

Alb

Ca

Phos

At the end of the recovery period, the effects in ALP, glucose, urea, BUN,
and calcium were still present.
Statistically significant increases in urea (11%, 44%, and 44%) and total
bilirubin (10%, 55%, and 55%) were also noted in females given VCS 10/Pred,
VCS 25/Pred, and VCS 25/WFI compared to vehicle/WFI control, respectively.
These differences were not noted during the recovery period.
Urinalysis [At treatment and recovery terminations; also performed on Day 64 (at
the end of Week 9, during which water consumption was being monitored) from at
least 5 rats/sex/group, ensuring that all animals that were experiencing adverse
clinical signs of the urogenital system were sampled] – Glucosuria and hematuria
were noted in males given VCS 10/Pred, VCS 25/Pred, and VCS 25/WFI as early
as Day 64. These groups also showed an increase in the presence of yeast in the
urine of males on both Day 64 and 92 analysis. However, bacteria levels were
comparable to controls. The increase in water consumption noted in males in these
3 groups did not affect urine output. These urinalysis findings were noted at
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recovery in males given VCS 25/Pred, and VCS 25/WFI but with lower incidence,
indicating a trend toward recovery.
Gross Pathology (At treatment and recovery necropsies and all unscheduled
deaths) – Macroscopic changes were noted in a number of organs. Generally, the
incidence of the finding was higher in males than females but occurred with the
highest incidence in Groups 5 and 6 (25 mg/kg/day VCS with or without 0.5
mg/kg/day pred, respectively). The incidences of selected macroscopic changes
are given in Table 52. These findings were still noted at recovery with the exception
of enlarged spleen.
Table 52: Gross Pathology Finding in Rats Treated with 2.5-25 mg/kg/day VCS ±
0.5 mg/kg/day Prednisone for 13 Weeks

Group 1: 0 (vehicle); Group 2: 0 (vehicle) + 0.5 mg/kg/day Prednisone; Group 3: 2.5 mg/kg/day +
0.5 mg/kg/day Prednisone; Group 4: 10 mg/kg/day + 0.5 mg/kg/day Prednisone; Group 5: 25
mg/kg/day + 0.5 mg/kg/day Prednisone; Group 6: 25 mg/kg/day

Thickening of the urinary bladder occurred occasionally only in Group 5 and
6 males and in Group 5 females. Small prostate and/or seminal vesicles with or
without a mass (yeast or bacterial infection) in the prostate were observed
occasionally in Groups 4, 5, and/or 6 males. Whole body emaciation and/or
thinness were noted occasionally in Groups 5 and 6 males. Changes noted
infrequently in treated rats, including an oral gum mass and skin mass, were
associated with bacterial infection. Dark area/focus noted in the brain of the found
dead Group 5 male rat (5012C) was associated with bacterial infection. Some of
the stomach changes (dark area/focus/discoloration, deformed) infrequently noted
in treated rats were occasionally associated with yeast infection. The above
bacterial or yeast infections were considered by the sponsor to be related to the
possible immunosuppressant effect of the test articles, leading to a secondary
infectious process, rather than a direct effect of either test article and detailed
below.
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Organ Weights (all animals at terminal and recovery necropsies; adrenals, brain,
heart, kidneys, liver, lungs/bronchi, ovaries, pituitary, prostate, spleen, testes,
thymus, thyroid/parathyroid, and uterus) – Adrenal weight was increased by 23%
and 27% in males given VCS 25/Pred and VCS 25/WFI; heart weight was
decreased 21%, 25%, and 20% in males given VCS 10/Pred, VCS 25/Pred, and
VCS 25/WFI; prostate weight was decreased 32, 37, and 46% in males given VCS
10/Pred, VCS 25/Pred, and VCS 25/WFI; thymus weight was decreased 72% and
31% in males given VCS 25/Pred and VCS 25/WFI; spleen weight was decreased
24% in males given VCS 25/Pred. At recovery, the decreased prostate weight was
still observed.
When expressed as relative to body weight, the adrenal gland, brain, liver,
and lung/bronchi showed increased weights in males given VCS 10/Pred, VCS
25/Pred, and VCS 25/WFI, all still present at recovery. These may be a reflection of
the decreased in body weights in these groups.
Histopathology (all animals administered vehicle ± Pred and 25 mg/kg/day VCS ±
Pred; target organs in the VCS lower dose groups ± Pred)
Adequate Battery: Yes
Peer Review: No
Histological Findings: Microscopic findings for terminal and unscheduled sacrifice
animals which were considered to be directly related to administration of the test
articles, VCS and/or prednisone were noted in lymphoid tissues, bone marrow,
kidneys, nervous tissue, lungs, and adrenals. Generally, the incidence and severity
of change were higher in males than females and in both genders, the incidence
was higher in animals treated with 25 mg/kg/day VCS ± prednisone.
Changes in lymphoid tissues resulted from treatment with either VCS or prednisone
when given alone or in combination. VCS treatment was associated with specific
microscopic findings in bone marrow, kidneys, nervous tissue, and lungs that were
not associated with prednisone. Prednisone treatment was associated with specific
microscopic findings in the bone marrow, kidneys, and adrenal glands that were not
associated with VCS. No new toxic effects occurred in rats administered
voclosporin and prednisone in combination, compared to rats administered each
article separately.
Prednisone related findings: Kidney (urolithiasis in the renal pelvis with or without
concurrent hyperplasia of pelvis epithelium, dilatation of the renal pelvis), adrenal
gland cortical atrophy, and fatty infiltration in the femoral and sternal bone marrow
Voclosporin related findings: These were similar to those observed in other
toxicology studies and included kidneys (tubular degeneration/necrosis, tubular
basophilia, tubular dilatation, interstitial fibrosis, and/or mineralization at the
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corticomedullary junction); brain, cervical spinal cord, and sciatic nerve
(inflammatory changes including necrosis, gliosis, perivascular mononuclear
infiltrate, and/or vacuolation); lungs (accumulation of foamy macrophages in
alveolar lumena); lymphoid tissue (lymphoid hyperplasia, plasmacytosis,
histiocytosis); and lens of the eye (fiber degeneration). Effects on the bone marrow
(medullary hyperostosis and myeloid hypercellularity) were new findings noted in
this study. Except for atrophy in the thymus of minimal severity in 2/10 males and
3/10 females at 2.5 mg/kg/day, all voclosporin-related findings were observed at
≥10 mg/kg/day.
Either prednisone and VCS: Lymphoid atrophy/necrosis in the thymus, spleen,
and/or lymph nodes (mandibular, mesenteric), generally with increased incidence
and/or severity at 25 mg/kg/day VCS + prednisone.
At recovery, findings were still present in the lymphoid tissues, kidneys,
nervous tissue, lungs, adrenal glands, and eyes. Except for the lens fiber
degeneration (cataracts) in the eye, these findings showed lower incidence and/or
severity, indicating a tendency toward recovery. Lens fiber degeneration was also
present in 1 male and 1 female at the low VCS dose.
Toxicokinetics [Day 1, 77, and 91 at predose, 0.5 (Days 1 and 77) , 1, 2, 4, 12, and
24 (Days 1 and 91) hrs postdose; whole blood analyzed for ISA247 on Days 1 and
99 and prednisone/prednisolone on Days 1 and 77] - Voclosporin exposure
increased in a dose-dependent manner. Voclosporin exposure when given at 25
mg/kg/day by itself, was slightly higher (< 2x) than when given in combination with
prednisone, except for females on Day 91. Exposure to voclosporin was generally
greater in males than in females except for Group 5 animals on Day 91. There were
no signs of accumulation of voclosporin over time.
Simultaneous exposure of voclosporin up to 25 mg/kg/day did not seem to
affect exposure to prednisone/prednisolone, except for males given voclosporin (25
mg/kg) + prednisone (0.5 mg/kg) on Day 77. The AUC0-last for prednisone and
prednisolone were at least 4x and 2x higher, respectively, compared to the other
groups.
The AUC0-last ranged from 474-15017 ng•hr/mL in females and 1247-15606
ng•hr/mL in males for VCS at doses of 2.5-25 mg/kg/day on Day 91; from 27.6-37.7
ng•hr/mL in females and 2.5-3.3 ng•hr/mL in males (14 ng•hr/mL in combination
with 25 mg/kg/day VCS) for prednisone on Day 77, and 11.8-22.3 ng•hr/mL in
females and 8.7-25 ng•hr/mL in males (61.7 ng•hr/mL in combination with 25
mg/kg/day VCS) for prednisolone on Day 77.
7

Genetic Toxicology
The Genetic Toxicology studies were reviewed by Theresa Allio, Ph.D.
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In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title: Bacterial Reverse Mutation Assay
Study no.: ISA99-05
Study report location: Electronic Document Section 4.2.3.3.1
(b) (4)
Conducting laboratory and location:
Date of study initiation: June 18, 1999
GLP compliance: Yes, US, UK, Japanese, OECD
QA statement: Yes
Drug, lot #, and % purity: ISATX247, lot PT-99E003J-A, 98.6% pure
Key Study Findings
•
•

Test article was not mutagenic in this Ames assay both with and without
metabolic activation by Aroclor induced rat liver S9.
Concentrations up to 1,200 µg/plate were studied in the definitive assay, with
precipitation being seen at ≥ 440 µg/plate.

Methods
Strains: TA98, TA100, TA1535, TA1537 and E. coli WP2 uvrA using
Aroclor-induced rat liver S9
Concentrations in 15 to 1,200 µg/plate was used in the mutagenicity study.
definitive study: Precipitation was seen at ≥ 440 µg/plate. No appreciable
toxicity was observed.
Basis of concentration Doses up to 5000 µg/plate were evaluated, with precipitation
selection: seen at ≥ 667 µg/plate, but no toxicity was observed.
Negative control: DMSO
Positive control:

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

Formulation/Vehicle: DMSO
Incubation & sampling Plates were incubated for 48 to 72 hrs.
time:
Study Validity
Dose range was considered adequate, based on precipitation limitations. All
concentrations were plated in triplicate.
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Results
Test article was not mutagenic in this Ames assay both with and without
metabolic activation by Aroclor induced rat liver S9.
Study title: Bacterial Reverse Mutation Assay
(b) (4)
Study no.: AC33TS-503
Study report location: Electronic Document Section 4.2.3.3.1
(b) (4)
Conducting laboratory and location:
Date of study initiation: November 13, 2009
GLP compliance: Yes, US FDA, Japanese and OECD
QA statement: Yes
Drug, lot #, and % purity: Voclosporin (ISA247), lot 102, 97.2%
pure
Key Study Findings
• VCS was negative in this Ames assay both with and without metabolic
activation by Aroclor induced rat liver S9.
• Concentrations up to 5000 µg/plate were evaluated, with precipitation seen
at 5000 µg/plate.
Methods
Strains: TA98, TA100, TA1535, TA1537 and E. coli WP2
uvrA in the presence and absence of Aroclor
induced rat S9
Concentrations in definitive study: Confirmatory study: 50, 150, 500, 1500 and 5000
µg/plate was evaluated. Precipitate was seen at
5000 µg/plate. No appreciable toxicity was seen
with or without S9 activation. Test article was
within 97.5 to 114% of target concentration.
Basis of concentration selection: Concentrations of 1.5 to 5000 µg/plate were
studied. Precipitate was seen at 500 or 1,500
µg/plate, but no background lawn toxicity was
observed.
Negative control: DMSO
Positive control: 2-aminoanthracene, 2-nitrofluorene, sodium azide,
9-aminoacridine, methyl methanesulfonate
Formulation/Vehicle: DMSO
Incubation & sampling time: 48 to 72 hrs
Study Validity
Solubility was what defined the concentration range evaluated. All
concentration levels were tested in triplicate.
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Results
VCS was negative in this Ames assay both with and without metabolic
activation by Aroclor induced rat liver S9.

7.2

In Vitro Chromosomal Aberration Assays in Mammalian Cells

Study title: In Vitro Mammalian Chromosome Aberration Test
Study no.: ISA99-04
Study report location: Electronic Document Section 4.2.3.3.1
(b) (4)
Conducting laboratory and location:
Date of study initiation: June 16, 1999
GLP compliance: Yes, US, UK, Japanese and OECD
QA statement: Yes
Drug, lot #, and % purity: ISATX247, lot PT-99E003J-A, 98.6% pure
Key Study Findings
• ISATX247 did not induce structural or numerical chromosome aberrations in
Chinese hamster ovary (CHO) cells in the presence or absence of metabolic
activation by Aroclor induced Sprague-Dawley rat liver S9 in this study.
• Concentrations up to 200 µg/ml were evaluated for the non-activated 4 hr
group and up to 1500 µg/ml for the 4 hr S9 activation group and 20 hr
continuous exposure group.
Methods
Cell line: Chinese hamster ovary (CHO) cells in the presence
and absence of Aroclor induced rat liver S9.
Concentrations in definitive study: 12.5 to 200 and 25 to 200 µg/ml for the non-activated 4 hr
exposure group;
31.3 to 1000 and 37.5 to 1500 µg/ml for the S9 activated
4 hr exposure group;
3.1 to 200 and 18.75 to 1500 µg/ml for the non-activated
20 hr continuous exposure group.

Basis of concentration selection: Preliminary assay evaluating concentrations up to
5000 µg/ml. Precipitate was visible at concentrations
≥ 150 µg/ml. Concentrations ≤ 50 µg/ml were
soluble.
Negative control: DMSO
Positive control: Mitomycin C and cyclophosphamide
Formulation/Vehicle: DMSO
Incubation & sampling time: Cells were incubated for 4 or 20 hrs and collected at
20 hrs after the start of incubation.
Study Validity
The study was considered valid based on precipitation and toxicity
measures. In the dose range finding study, precipitation of compound was noted at
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concentrations ≥ 150 µg/ml. Concentrations of ≤50 µg/ml were soluble in treatment
medium. No substantial toxicity was seen in the 4 hr non-activated exposure
group. Substantial toxicity was seen at dose levels ≥ 500 µg/ml in the S9 activated
group, and at dose levels between 50 and 1500 µg/ml in the non-activated 20 hr
continuous exposure group, with less than 50% toxicity seen at the 5000 µg/ml
dose group. Because substantial toxicity was seen in the first definitive study, a
second study was done. In this repeat assay 55% toxicity with no inhibition of cell
growth was seen at the highest dose level evaluated for chromosome aberrations
(10 µg/ml).
Results
ISATX247 did not induce structural or numerical chromosome aberrations in
Chinese hamster ovary (CHO) cells in the presence or absence of metabolic
activation by Aroclor induced rat liver S9 in this study.

7.3

In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)

Study title: Mammalian Erythrocyte Micronucleus Test
Study no.: ISA00-02
Study report location: Electronic Document Section 4.2.3.3.2.1
(b) (4)
Conducting laboratory and location:
Date of study initiation: May 08, 2000
GLP compliance: Yes, US FDA, UK, Japanese and OECD
note, several shortcomings in the QA
statement regarding formulation analysis
not done.
QA statement: Yes
Drug, lot #, and % purity: ISATX247, lot P139-33-11, 97.8% pure
Key Study Findings
• No significant increase in micronucleated polychromatic erythrocytes in the
test article-treated groups relative to the respective vehicle control groups
was observed in male or female rats at 24 or 48 hrs after dose
administration.
• Doses up to 2000 mg/kg were evaluated.
Methods
Doses in definitive study:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:

500, 1000 or 2000 mg/kg body weight
Single dose
Oral gavage
10 ml/kg body weight
Corn oil
Sprague Dawley rats from

(b) (4)

Number/Sex/Group: 5 males and 5 females in the micronucleus test for
500 and 1000 mg/kg test article and positive control
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groups; 10 males and 10 females in control and
2000 mg/kg dose group
None
Pilot toxicity study evaluating 1, 10, 100, and 1000
mg test article/kg in males and 2000 mg/kg in both
males and females. No mortality was seen at 2000
mg/kg so this was used in the micronucleus test.
Corn oil
Cyclophosphamide, 40 mg/kg

Study Validity
The study was considered valid as doses went up to 2000 mg/kg.
Results
No mortality or clinical signs were observed in any of the animals. Bone
marrow cells collected at 24 and 48 hrs after treatment, were examined
microscopically for micronucleated polychromatic erythrocytes. Slight reductions
(up to 11%) in the ratio of polychromatic erythrocytes to total erythrocytes were
observed in some of the test article-treated groups relative to control group.
No significant increase in micronucleated polychromatic erythrocytes in the
test article-treated groups relative to the respective vehicle control groups was
observed in male or female rats at 24 or 48 hrs after dose administration.

7.4

Other Genetic Toxicity Studies

Computational Assessment of Genotoxicity of Voclosporin and Three Related
Substances with MC4PC (Study # ISA09-28, non-GLP) - A computational
assessment was conducted to evaluate the genotoxic and clastogenic potential of
(b) (4)
VCS, and 3 related impurities,
. The evaluation consisted of testing the compounds against MC4PC modules
built for genetic toxicity (Ashby’s alerts modules and FDA GeneTox set). Based on
the ICSAS (Informatics and Computational Safety Analysis Staff) method expert
call, it was concluded that these compounds do not show evidence of structural
alerts. However, the sponsor acknowledged that the 4 compounds have minor
coverage problems in some of the GeneTox test batteries, i.e., there was a lack of
structural similarity over portions of the tested molecules to compounds in the
GeneTox test battery. In these instances the genotoxicity test results must be
interpreted cautiously.
8

Carcinogenicity

The sponsor for the carcinogenicity studies was Isotechnika, Inc.
Study title: A 104-Week Oral (Gavage) Carcinogencity Study in Rats with
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ISA247
Study no.: ISA04-08
Study report location: Electronic Document Section 4.2.3.4.1.1
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

Jan 19, 2005
Yes
Yes
The test article identifiers used were
ISA247 or ISATX247; lot # XPP0409011
and XPP0509003, % purity not clear
Yes

Key Study Findings: There were no clear test article related neoplastic findings.
Adequacy of Carcinogenicity Study: The Exec CAC concurred with the doses
used in this study based on deaths observed at 10 mg/kg and the unclear dose
(b) (4)
relationship of deaths at 2.5 and 1.25 mg/kg (facsimile, Nov 15, 2004; IND
sponsored by Isotechnika and submitted to the Division of Special Pathogen and
Transplant Products). The sponsor had several communications with the Division of
Special Pathogen and Transplant Products with updates on the survival and
(b) (4)
disposition data to request early termination of the study (see IND
SN 173
nonclinical review by William Taylor, PhD, dated Feb. 16, 2007). The Division noted
that the mortality did not appear to be related to exposure to test article and
recommended termination of any test-article dosing arms with less than 15 animals,
and termination of the entire study if any one of the vehicle or saline arms reached
(b) (4)
20 animals. Under IND
SN 173, Isotechnika notified the Division that the rat
carcinogenicity study was in Week 95 and the study termination had begun
because the number of vehicle treated males was down to 20. Dr. William Taylor
agreed the study duration appears sufficient for review purposes.
Appropriateness of Test Models: Deaths were observed in all dose groups
including the saline control that lead to study termination at Week 95. There was a
2x increase in incidence of undetermined deaths particularly in males treated with
vehicle control groups as well as the test-article, suggesting a vehicle-related effect.
In the current study, the high dose males showed alterations in clinical chemistry
parameters suggestive of kidney damage, consistent with an increase severity of
chronic progressive nephropathy.
Evaluation of Tumor Findings: There was no tumor that showed a strong signal
as related to the test article. In the in-house statistical analysis (See review by
Mohammad Atiar Rahman, Ph.D.), the incidence of hepatocellular carcinoma in
male rats and benign hibernoma in soft-tissue-THO in females rats was considered
to have statistically significant positive dose-realtionship using both controls.
However, none of these statistically significant results were considered
toxicologically relevant as explained in the following sentences. The incidence of
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hepatocellular carcinoma is within reported normal background incidence range
(b) (4)
0.77% to 6.67%
The analysis for benign hibernoma in soft-tissue-THO in females
rats assumed 65 rats were used, whereas only a low and unequal number of
animals were evaluated, which make it difficult to reach a conclusion. Within the
same group of animals, the incidence of malignant hibernoma was higher in saline
control males and females, supporting the view that the observed incidence of
benign hiberoma is not test-article related.
Methods
Doses: 0.05, 0.25 and 1.25 mg/kg/day for males and
0.1, 0.5 and 2.5 mg/kg/day for females
Frequency of dosing: Once daily for a minimum of 96 consecutive
weeks
Dose volume: 1 mL/kg
Route of administration: Oral (gavage)
Formulation/Vehicle: Vitamin E TPGS, MCT oil, Tween® 40, ethanol,
(b) (4)

Basis of dose selection: Mortalities of unclear relationship to treatment
or vehicle in the 13-Week and 26-week oral
gavage toxicity studies
Species/Strain: Crl:CD(SD) rats
Number/Sex/Group: 65
Age: ~ 8 weeks old
Animal housing: Individually
(b) (4)
Paradigm for dietary restriction: Basal diet ad libitum:
Dual control employed:
Interim sacrifice:
Satellite groups:

Deviation from study protocol:

5002 (block)
0.9% saline and vehicle control groups
None
TK analysis: An additional 4 rats/sex were used
in the saline and vehicle control groups and an
additional 11 rats/sex/dose were used for all
ISA247-treated groups
Due to decreased survival in the vehicle control
group (Group 2) males, all males were
euthanized during Weeks 95-96 and all
females were euthanized during Weeks 95-97

Observations and Results
Mortality (2x/day) – Excluding accidental deaths, percent survival at Week 95 was
42 (27/64), 34 (22/64), 31 (20/65), 38 (24/64), and 34 (22/64) in the saline control,
vehicle control, 0.05, 0.25 and 1.25 mg/kg/day group males, respectively and 35
(23/65), 34 (22/65), 51 (33/65), 38 (25/65), and 50 (32/64) in the saline control,
vehicle control, 0.1, 0.5, and 2.5 mg/kg/day group females, respectively.
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The sponsor noted that a statistically significant dose-related trend test and
a significant difference in the survival rates of the 1.25 mg/kg/day group males was
observed when compared to the saline control. As noted by the sponsor, since
survival in the vehicle control group was similar to all the ISA247-treated group
males (including the 1.25 mg/kg/day group) and all were lower than the saline
control group, any apparent treatment-related increase in mortality appears to be a
function of the vehicle and not a direct effect of the test article.
The in-house analysis (See Dr. Rahman’s review), showed a simlar
outcome. There was no statistically significant dose response relationship in
mortality across treatment groups in male or female rats using either of the control
groups. Pairwise comparisons showed statistically significant increased mortality in
the male high dose group compared to the saline control.
The causes of death, based on necropsy and/or microscopic examination
are summarized in the following table (copied from the NDA). The systemic tumors
included malignant lymphoma, histiocytic sarcoma, and malignant fibrous
histiocytoma. With the exception of deaths due to undetermined cause in females
or chronic progressive nephropathy in males, there was no dose-response
relationship to the cause of death. As noted by the sponsor, the 2x increase in
incidence of undetermined deaths in males treated with vehicle control groups as
well as the test-article suggests a vehicle-related effect.
Table 53: Causes of Unscheduled Deaths in the 2-Year Carcinogenicity
Study in Rats

Clinical Signs (Daily 1-2 hrs postdose; weekly for detailed examinations and
palpable masses) – No test article-related clinical signs were apparent. The
incidence of palpable masses was not affected by treatment with the test article.
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Body Weights (Weekly) – No test article-related effects
Feed Consumption (Weekly) - No test article-related effects
Clinical Pathology (hematology, coagulation, serum chemistry and urinalysis at the
scheduled necropsy) – In high dose males there was a tendency toward slightly
lower mean WBC (5%), RBC (10%), hemoglobin (12%), and hematocrit (8%) and
slight increases in mean reticulocytes percent (22%) and absolute reticulocytes
(9%). Individual animal listings showed the values were within both control groups
range except for RBC parameters in animals # 7347 and # 7349. APTT was
decreased (p=0.01) by 16, 10, and 12% at 0.05, 0.25, and 1.25 mg/kg/day,
respectively.
In high dose males a slight increase was observed in mean BUN (157%;
p=0.05), creatinine (150%), ALP (59%; p=0.01), and potassium (11%; p=0.05). The
elevated mean was due to 3 animals (# 7309, # 7347, and # 7349) with values of
63-245 mg/dL (BUN), 5.5 and 6.0 mg/dL (creatinine; within controls range for
animal # 7347), ALP (175-240 U/L) and 5.92 and 7.90 mEq/L (potassium; within
controls range for animal # 7347). In high-dose females, animal # 7472 had
elevated BUN (251 mg/dL) and creatinine (2.7 mg/dL).
In urine, statistically significant decreases were observed in mean sodium
levels in mid- (32%) and high-dose (39%) females and mean chloride (42%) in
high-dose females. Males showed a dose-related trend toward decreased mean
sodium values (15-28% at all doses) but no value was statistically significant. Only
male # 7347 had sodium and chloride values below the range observed in both
controls.
Note: Percent change are reported in comparison to the saline control. The
individual listings showed similar range of values for both controls.
Gross Pathology (complete necropsy in all animals at scheduled necropsy and in
all animals that died or were euthanized in extremis) – Dark red discoloration of the
adrenal glands was noted in females (early deaths and scheduled sacrifice) with
incidences of 1/65, 12/65, 6/65, 6/65, and 12/65 in the saline control, vehicle control
and 0.1, 0.5 and 2.5 mg/kg/day groups, respectively. Lungs not fully collapsed was
noted in early death males with incidences of 0/65, 10/65, 7/65, 11/65 and 14/65
and in early death females with incidences of 2/65, 4/65, 4/65, 7/65, and 5/65 in the
saline control, vehicle control and 0.1, 0.5 and 2.5 mg/kg/day groups, respectively.
The relevance of these findings in unclear given the lack of a microscopic correlate
in these tissues. In addition, the similar incidence between vehicle and test articletreated groups suggests the changes, if treatment related, may be related to the
vehicle.
Histopathology (all animals; full battery)
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(b) (4)

Peer Review: Not indicated
Neoplastic: Findings observed only at the mid-and/or high dose or with higher
incidence at the high dose in one or both genders are listed in Table 54. The
sponsor concluded that no test-article related neoplastic changes were observed.
(b) (4)
Most findings had incidences within those in the
, except those discussed below.
A slightly higher incidence (6.2%) of malignant lymphoma was observed in high
(b) (4)
dose males. The
database had a mean incidence of 1.68% (min
0.91%; max 6.00%). Therefore the value is near the high limit of normal
background. In addition, a clear relationship to treatment is not apparent given the
lack of a dose response and lack of a similar finding in females. Some tumors
showed incidence of 1-2 in the high dose, no dose-response, and/or lack of
observation in both genders. A relationship to treatment for these was not clear.
Table 54: Findings Observed at the Mid-and/or High Dose or with Higher
Incidence at the High Dose in the 2-Year Carcinogenicity Study in Rats
Finding
Adrenal medulla
pheochromocytoma
benign
%
Hepatocellular
carcinoma
%
Malignant lymphoma –
Liver
%
Islet cell carcinomaPancreas
%
Malignant lymphoma –
Pancreas
%
Malignant lymphoma –
Spinal cord
%
Malignant lymphoma –
a
Systemic
%
Sarcoma-undiffer
Mesenteric lymph nodes
%
Malignant
adenocarcinoma
thymus

Sal

Veh

Males
0.05

0.25

1.25

Sal

Veh

3

4

4

4

7

0

0

Females
0.1
1

11
0

0

0

1

0.5

2.5

2

0

3
0

0

0

0

0

4

1

0

0

0

0

6.2

1.5

5

1

2

2

0

1

0

0

0

0

0

0

0

0

0

0

3
5

1

2

1

1

3
2

1

3

5

7.7
0

0

1

0

1
1.5

0

0

0

0

1
1.5

1

3

1

3

5

1

2

0

1

1

0

0

0

0

2

0

0

0

0

0

0

0

0

0

0

1

3

3

6

8

3
0

0

0

0

1
1.5

Mammary gland
adenocarcinoma
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(b) (4)

multiple, malignant
%
Granular cell
tumor, benign - cervix
%
Granular cell
tumor, benign - vagina
%
Benign lipoma – kidney
%
Benign lipoma –skin

1.5

4.6

4.6

9

12

1

4

2

6

5

9

0
0

%

0

0

0

1

0

0

1.5

0

0

0

0

1

0

0

0

0

1

0

0

0

2
3
0

1.5
1
1.5
2

1.5

3

Hibernoma, benign –
0
-
0
3
0
0
-0
1
3
b
soft tissue – THO
Hibernoma, malignant –
2
-
0
1
0
1
-1
0
0
b
soft tissue – THO
n=65/sex/dose
a= Only 4, 6, 2, 6, and 8 males and 2, 4, 5, 1, and 1 in females evaluated at control, vehicle, low,
mid, and high dose, respectively
b = Only 2, 0, 2, 4, and 2 males and 1, 0, 1, 1, and 3 females evaluated at control, vehicle, low, mid,
and high dose, respectively

The statistical analysis conducted by the sponsor showed the following
results:
Males
Although not significantly dose-related, in pairwise comparisons there was a
significant increase in the onset of the combined tumor adenoma/carcinoma of the
islet cells in the pancreas when comparing the 1.25 mg/kg/day group with vehicle
control. However, the incidence was similar to that of saline control. Therefore,
consistent with the sponsor assessment, this finding is not considered related to the
test article. The islet cell adenoma incidence is shown in Table 55.
Table 55: Incidence of Islet Cell Malignancies in the 2-Year
Carcinogenicity Study in Rats
Finding
Islet cell carcinoma
Islet cell adenoma
n=65/dose

Sal
2
5

Veh
1
1

0.05
3
1

0.25
5
1

1.25
5
3

Females
Although not significantly dose-related, in pairwise comparisons there was a
significant increase in the onset of granular cell tumor, benign in the cervix when
comparing the 0.5 mg/kg/day group with saline control. Although not significantly
dose-related, in pairwise comparisons there was a significant increase in the onset
of granular cell tumor, benign in the combined cervix/vagina tissue when comparing
both the 0.5 and 2.5 mg/kg/day group with saline control. However since there was
no difference with the vehicle control, these findings were not considered related to
the test-article. The incidence of granular cell tumors is shown in Table 56.
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(b) (4)

Table 56: Incidence of Granular Cell Tumors in the 2-Year
Carcinogenicity Study in Rats
Finding
Granular cell
tumor, benign - cervix
% incidence
Granular cell
tumor, benign -vagina
% incidence
n=65/dose

Sal

Veh

0.1

0.5

2.5

1

4

2

6

5

1.5

6

3

9

8

0

0

0

0

1

-

-

-

-

1.5

The sponsor indicated that the
historical control database (Version 2.1;
October 2005) for carcinogenicity studies had no cervical granular cell tumors
(0/353) identified compared to an average incidence of 0.66% (2/304) in the vagina.
(b) (4)
database had mean incidence of 0.09 (2/2341) and
0.13% (3/2344) in the cervix and vagina, respectively. Therefore, the higher
incidence observed in this study suggests a vehicle-related effect. To the reviewer
knowledge, none of the components of the vehicle have been associated with a
carcinogenic effect except for ethanol. However, at the intended clinical daily intake
(43 mg), it is not expected that ethanol will be carcinogenic.
(b) (4)

Non Neoplastic: Findings observed with higher incidence and/or severity in the mid
and/or high dose in one or both genders are listed in Table 57. The sponsor
concluded that no test-article related non-neoplastic changes were observed. The
reviewer agrees given the lack of a clear dose response and/or presence in only
one of the genders except for chronic progressive nephropathy. Chronic
progressive nephropathy at the high dose in males showed increased severity,
consistent with findings in the general toxicology studies.
Table 57: Non-Neoplastic Findings in the 2-Year Carcinogenicity Study in Rats
Finding
Cecum-Vasculitis
Minimal
Mild
Moderate
Ilium – Lymphoid
depletion
Minimal
Kidney- Chronic
progressive
nephropathy
Minimal
Mild
Moderate
Severe
Femur – hypocellular
marrow

Sal
0
0
0

Veh
0
0
0

Males
0.05
2
1
1

0.25
3
0
3

1.25
2
1
1

Sal
0
0
-0

Veh
1
1
-0

--

--

--

--

--

0

0

0

0.5
0
0
-0

2.5
4
3
-1

1

1

2

0

1

1

2

59

58

59

56

58

25

40

36

38

42

31
15
11
2

35
10
11
2

29
20
6
4

25
10
10
3

26
15
9
8

23
1
0
1

32
3
4
1

35
1
0
0

35
2
1
0

30
6
4
2

7

4

9

5

8

9

8

8

9

13
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(b) (4)

Minimal
Mild
Moderate

4
3
0

1
3
0

5
2
2

3
0
2

4
1
3

3
4
2

2
3
3

5
1
2

6
0
3

5
1
7

Sternum – hypocellular
Minimal
Mild
Moderate

3
3
0
0

2
1
1
0

4
3
0
1

2
1
0
1

4
3
1
0

6
3
2
1

5
2
0
3

5
3
2
0

10
6
2
2

10
3
3
4

0

1

1

0

4

0

1

0

0

1

0
0
0

0
1
0

1
0
0

0
0
0

1
2
1

0
0
0

0
1
0

0
0
0

0
0
0

0
1
0

Heart – Atrial
thrombosis
Minimal
Mild
Moderate
n=65/sex/dose

Toxicokinetics (Predose and approximately 1, 2, 4, 12 and 24 hrs postdose on
Day 0 and 182) - Systemic exposure increased with dose but close to dose
proportional manner in males from 0.05 to 0.25 mg/kg/day and in a higher than
dose proportional manner between mid- and high-dose males and in females at all
doses. Exposure on Day 0 was similar to exposure on Day 182 for males and
females, indicating the drug did not accumulate. The TK results are shown in Table
58.
Table 58: Summary of TK results for the Rat Carcinogencity Studya

a

n=3 rats/time point/group
Calculations do not contain the Group 5 Female (no. 7640) Day 182 1-hour post-dose value of
0.61.
c
Calculations do not contain the Group 3 Female (no. 7450) Day 182 1-hour post-dose value of
40.5. The values for animal # 7640 and #7450 suggest the samples were mislabeled.
b
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(b) (4)

Stability and Homogeneity: At the low and mid-doses, preparations on the intervals
including Weeks 53-57, 74-76, and 83-87 were not within 15% of the target
concentration (18%-60% less than target). At the intervals of Week 53-57 (males)
and Week 83-87 (females), there was greater than 10% relative standard deviation
between the top, middle, and bottom strata for low-dose preparations (11%-22%)
which is above acceptance levels for homogeneity. Similarly, at the interval of
Week 74-76, the preparation for mid-dose males had a relative standard deviation
of 19%.
Study title: A 104-Week Oral (Gavage) Carcinogenicity Study in Mice with
ISA247
(b) (4)
Study no.:
-516008
Study report location: Electronic Document Section 4.2.3.4.1.1
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

CAC concurrence:

March 23, 2006 (initiation of drug
administration)
Yes
Yes
ISA247, lot # XPP0409003 and P060808,
100% purity (considered based
on HPLC
(b) (4)
content of 50.4 ng/mL in a
mg/mL
solution)
Yes

Key Study Findings
•

•

•

The decrease in survival led to the discontinuation of dosing of high dose
animals at Week 60 and the sacrifice of all animals during Weeks 82-89,
suggesting a vehicle-related effect across doses and a test article-related
effect particularly at the high dose.
Malignant lymphoma resulted in mortality rates of 8.33% (5/60) and 18.8%
(8/54) in the 30 mg/kg/day group males and females. The highest incidences
in the 30 mg/kg/day group from both sexes, and each exceeding their
respective historical control incidence, suggests an effect of test article
administration.
The NOEL for carcinogenicity and general toxicity of ISA247 administered
orally (by gavage) for approximately 89 weeks was 10 mg/kg/day. However,
there was no NOAEL when considering the vehicle related effects.

Adequacy of Carcinogenicity Study: The dose were selected based on ExeCAC
recommendations (Facsimile dated Feb. 23, 2006). In the 13-week repeat-dose
toxicology study (Study # ISA05-17), the mortalities and histological findings
observed in the 125 mg/kg group indicated this dose was above the MTD.
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Therefore, the mid-dose (30 mg/kg) was recommended as the high dose for the 2
year carcinogenicity study. The NOEL was 5 mg/kg/day.
Appropriateness of Test Models: An MTD was observed at the high dose based on
the higher mortality rate in this dose group leading to discontinuation of dosing at
Week 60. A higher rate of malignant lymphomas was also observed at this dose.
Evaluation of Tumor Findings: Malignant lymphoma resulted in mortality rates of
8.33% (5/60) and 18.8% (8/54) in the 30 mg/kg/day group males and females,
respectively, compared to 1.5% (1/65) in males and 6.25% (4/64) in females in the
saline controls and 1.79% (1/56) in males and 3.39% (2/59) in females in the
(b) (4)
vehicle controls. The sponsor noted that
historical control data (version 2.4m1)
has a combined incidence of fatal (Peto grade 4) and probably fatal (Peto grade 3)
malignant lymphoma of 4.38% (34/777) in male control group animals and 10.25%
(86/839) in the control group females. The highest incidences in the 30 mg/kg/day
group from both sexes, and each exceeding their respective historical control
incidence, suggests an effect of test article administration.
In the in-house statistical analysis (See review by Mohammad Atiar
Rahman, Ph.D.), the incidences of malignant lymphoma in systemic lesions in both
sexes were considered to have statistically significant positive dose response
relationships using the vehicle control. This tumor type also showed statistically
significant positive dose response relationship in male mice and very marginally
non-significant in female mice using the saline control. The pairwise comparisons
showed statistically significant increased incidence of malignant lymphoma in
systemic lesion in the female high dose group compared to the vehicle control and
in male high dose group compared to he saline control.
Methods
Doses: 0 ( saline), 0 (vehicle), 3, 10, and 30 mg/kg/day
Frequency of dosing: Daily for a minimum of 60 and up to 89
consecutive weeks
Dose volume: 5 mL/kg
Route of administration: Oral (gavage)
(b)
Formulation/Vehicle: Vitamin E TPGS/MCT oil/Tween® 40/ (4)%
(b) (4)
ethanol,
Basis of dose selection: 13-Week oral gavage toxicity study
Species/Strain: Crl:CD1(ICR) mice
Number/Sex/Group: 65 animals/sex/group
Age: ~7 weeks old
Animal housing: Individually
(b) (4)
Paradigm for dietary restriction: Basal diet ad libitum:
5002 (pellets)
Dual control employed: 0.9% saline and vehicle control groups
Interim sacrifice: None
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Satellite groups: Five animals/sex/group (saline and vehicle
controls) treated for 175 days and 20
animals/sex/group (3, 10, and 30 mg/kg/day
ISA247) treated for 176 days were used for TK
evaluation.
Deviation from study protocol: Due to a sponsor request based on FDA
recommendations, dose administration was
discontinued for the 30 mg/kg/day group males
and females on 19 May 2007 (Day 422).
Therefore, test article administration to the 30
mg/kg/day group was for at least 60
consecutive weeks followed by a dosing free
period through the day prior to the scheduled
necropsy.
Due to decreased survival in test article-treated
group males (3 and 30 mg/kg/day groups),
these males were euthanized during Weeks 82
and 80, respectively. Test article administration
to these males was for at least 60 consecutive
weeks (30 mg/kg/day group males) or 82
consecutive weeks (3 mg/kg/day group males),
through the day prior to the scheduled
necropsy.
Due to decreased survival in the vehicle control
group, all surviving animals were euthanized
during Weeks 88-89. Test article administration
to the remaining toxicology groups was for at
least 88 consecutive weeks.
Observations and Results
Mortality (2x daily) – As indicated above, in “Deviations from the Study Protocol”,
mortalities were noted in the vehicle control group as well as on all test article
treated groups leading to the discontinue of dosing in high-dose animals on Week
60 and the early termination and euthanasia of surviving animals between Weeks
82-89.
At the time of termination, percent survival (excluding accidental deaths) for
the males were 33/65 (51%), 20/56 (36%), 15/54 (28%), 20/54 (37%), and 15/60
(25%) in the saline control, vehicle control, 3, 10, and 30 mg/kg/day groups,
respectively. Survival rates for the females were 41/64 (64%), 26/59 (44%), 24/50
(48%), 22/55 (40%), and 20/54 (37%).
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Statistical analysis (as conducted by the sponsor) of survival revealed that
among males there was a statistically significant dose-related decreasing trend in
survival when compared with both the saline and vehicle control groups. In pair
wise comparisons, the survival rates of the 3 and 30 mg/kg/day groups were
significantly lower than both male control groups.
Among females there was a statistically significant difference in survival
rates between the saline and vehicle control groups. There was a statistically
significant dose-related decreasing trend in survival when compared with the saline
control group. In pair-wise comparisons, the survival rates of the 10 and 30
mg/kg/day group were significantly lower when compared with the saline control
group.
The sponsor noted that particularly in the females, the data suggest that
mortality was influenced more by the presence of vehicle than test article
regardless of dose. When the data is plotted as % survival by study week (Figures
3 and 4), a test article related effect (apart form the vehicle) is apparent at all doses
in males and at the high-dose in females. In addition, the high dose animals were
only dosed until Week 60 followed by a dosing free period through the day prior to
the scheduled necropsy (Week 80 for males and Week 88-89 for females).
Therefore, with continuous dosing, the mortality rate was expected to be higher at
the high dose.
Figure 3: Survival % by Study Week in Males in the 2-Year Mouse Carcinogenicity
Assay
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Figure 4: Survival % by Study Week in Females in the 2-Year Mouse
Carcinogenicity Assay

The in-house analysis (See Dr. Rahman’s review) showed statistically
significant dose response relationship in mortality across treatment groups in both
sexes using both of the control groups, supporting a test-article related effect
besides a contribution by the vehicle. In both sexes, pairwise comparisons showed
statistically significant increased mortality in all treated groups compared to the
saline control. The vehicle control also showed statistically significant increased
mortality compared to the saline control.
The selected cause of death, based on necropsy and/or microscopic
examinations, are summarized in Table 59.
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Table 59: Selected Causes of Death in Animals Found Dead or Euthanized in
Extremis in the 2-Year Mouse Carcinogenicity Study

The sponsor mentioned that the only potential causes of death that could be
considered test article-related were the larger number of undetermined causes of
death in the 10 and 30 mg/kg/day group males compared to both the saline and
vehicle control groups and the incidences of fatal malignant lymphoma in the 30
mg/kg/day group males and females. Regarding the undetermined causes of death,
the data, when expressed as percentage (16, 26, 34, 48, and 52% in males and 25,
64, 39, 56, and 47% in females after treatment with saline, vehicle, or ISA247 at 3,
10, or 30 mg/kg/day, respectively), suggest a contribution of the vehicle to the
finding.
Malignant lymphoma resulted in mortality rates of 8.33% (5/60) and 18.8%
(8/54) in the 30 mg/kg/day group males and females, respectively (accidental
mortalities were excluded to calculate the percentages). The sponsor noted that
(b) (4)
historical control data (version 2.4m1) has a combined incidence of fatal (Peto
grade 4) and probably fatal (Peto grade 3) malignant lymphoma of 4.38% (34/777)
in male control group animals and 10.25% (86/839) in the control group females.
The highest incidences in the 30 mg/kg/day group from both sexes, and each
exceeding their respective historical control incidence, suggests an effect of test
article administration.
Clinical Signs (Daily 1-2 hrs postdose; weekly for detailed examinations and
palpable masses) – No test article related clinical signs or effects on the incidence
of palpable masses
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Body Weights (Week -2, weekly through Week 14, and biweekly thereafter) No test article-related effects
Feed Consumption (Week -2 to -1, weekly through Week 14, and biweekly
thereafter) - No test article-related effects
Ophthalmic examinations (Week -1 and during Week 51) - No test articlerelated effects
Gross Pathology (complete necropsy in all animals at scheduled necropsy
and in all animals that died or were euthanized in extremis) – There was a
higher incidence of enlarged lymph nodes in early deaths high dose animals (Table
60).
Table 60: Incidence of Enlarged Lymph Nodes and Skin Edema in the 2-Year
Carcinogenicity Study in the Mouse
Finding
Sal
n=32

Veh
n=45

Males
3
n=50

10
n=45

30
n=50

Sal
n=24

Veh
n=39

Females
3
10
n=41 n=43

Enlarged lymph nodes
Pop
Gen
Ili
Med

1
1
1
0

0
2
3
4

1
0
1
1

1
0
2
2

5
6
6
1

3
1
0
0

0
0
1
0

2
3
2
0

2
1
2
1

5
4
4
5

Skin - Edematous

0

6

8

8

4

0

5

14

10

7

Edema of the skin (usually cervical and/or ventral thoracic or abdominal)
was observed in animals found dead or euthanized in extremis primarily prior to
Week 48. This finding was observed in all groups except for saline controls without
a clear dose relationship, suggesting the finding was more related to the vehicle.
The sponsor believes this finding was due to localized procedure-related trauma or
gavage accident in the cervical esophagus.
Histopathology (All toxicology animals; standard battery; bone marrow
smears were obtained but not examined) Peer Review: Not indicated
Neoplastic: Systemic malignant lymphoma was present in 2/65, 3/65, 0/65, 2/65,
and 7/65 (3.1%, 4.6%, 0%, 3.1% and 10.8%, respectively) males from the saline
control, vehicle control, and 3, 10, and 30 mg/kg/day ISA247 groups, respectively.
In the females these incidences were 8/65, 3/65, 7/65, 2/65, and 13/65 (12.3%,
4.6%, 10.8%, 3.1%, and 20.0%, respectively). The statistical analysis conducted by
the sponsor showed statistical significance only in high dose males compared
against the saline control group. In the females, statistical significance was reached
at the high dose only in comparison against the vehicle control group.
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The sponsor noted that control incidence data on mouse lymphoma in
relevant databases indicate that the incidence in the high-dose groups of the
(b) (4)
present study is within but near the high end of historical controls.
historical
control (version 2.4m1) incidence for malignant lymphoma was 6.56% for males
(b) (4)
and 17.76% in females;
of malignant lymphoma in CD-1 male mice is 4.5%
(min incidence, 1.45%; max incidence, 21.67%) and 9.93% (min incidence 1.67%;
max incidence 50.0%) for females. Older published data (Maita, 1988) cited
incidences similar to the current study (8.8% in males and 22.0% in females).
However, as noted above, the mortality rates due to malignant lymphomas were
higher in the high dose animals. Therefore, the overall data support an effect of test
article administration.
Non Neoplastic – Several findings were noted with increased incidence
and/or severity in the vehicle and ISA247 treated groups, but with no clear dose
relationship (Table 61). These included skin edema/inflammation (minimal
moderate/minimal-mild), lymphoid necrosis in the thymus (minimal-severe), spleen
(minimal-moderate), and mesenteric lymph nodes (minimal-mild), and
necrosis/degeneration (minimal-severe) of the olfactory bulb (nasal levels III and
IV). The findings were primarily present in animals found dead or euthanized in
extremis.
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Table 61: Incidence of Non-Neoplastic Findings in the 2-Year Carcinogenicity
Study in the Mouse

The mice with confirmed esophageal perforation were considered to have
experienced a gavage accident in the cervical esophagus. The changes associated
with cervical edema and inflammation were consistent with gavage injury or
attributed to localized procedure-related injury. The changes in the nasal levels
were interpreted to represent direct contact via aspiration of the vehicle or test
article mixture onto the nasal mucosa and not a systemic effect of treatment.
Toxicokinetics (Prior to dose administration and at approximately 1, 2, 4, 12 and 24
hrs postdose on Day 175) – Systemic exposure increased with dose (Table 62).
Female mice demonstrated higher exposure than male mice. Due to animal deaths
in the male groups, pooled AUC0-12hr values were the only AUC values that could
be used for dose group comparisons.
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Table 62: TK Parameters in the Mouse 2-Year Carcinogenicity Study at Week 26

Stability and Homogeneity: Conformed with regulatory standards.
9

Reproductive and Developmental Toxicology
The reproductive toxicity studies were reviewed by Theresa Allio, Ph.D.

9.1

Fertility and Early Embryonic Development

Study title: Oral (Gavage) Fertility and General Reproduction Toxicity
Study of ISATX247 in Rats
Study no.: ISA02-02
Study report location: Electronic Document Section 4.2.3.5.1
(b) (4)
Conducting laboratory and location:
Date of study initiation: May 20, 2002
GLP compliance: Yes, US, Japanese and OECD
QA statement: Yes
Drug, lot #, and % purity: ISATX247, lot numbers 32050522 and
32060948, 99.2% pure
Key Study Findings
• Paternal NOAEL was 10 mg/kg/day (Cmax = 373.5 ng/ml; AUC0-24hr = 4556.1
ng•hr/mL) due to observations of soft/liquid stools, swollen snout, localized
alopecia of the limbs, swollen forepaw digits, and urine-stained abdominal
fur and decreased body weights in the 25 mg/kg/day dose group.
• Maternal NOAEL was > 25 mg/kg/day, the highest dose tested in this study.
• The reproductive NOAEL for both males and females was > 25 mg/kg/day
(Cmax > 897 ng/mL and AUC0-24hr > 13622.7 ng•hr/mL for males and Cmax >
862 ng/mL and AUC0-24hr > 7669 ng•hr/mL for females).
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Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

Deviation from study protocol:

0 (saline), 0 (vehicle), 2.5, 10, and 25 mg/kg/day
Once daily
1.5 ml/kg
Oral gavage
(b) (4)
Vitamin E-TPGS/MCT oil/Tween 40 %
ethanol
Crl:CD®(SD)IGS BR VAF/Plus® rats from
Charles River Laboratories, Inc., Portage, MI
25
6 rats/sex/dose for 2.5, 10 and 25 mg/kg/day for
toxicokinetic evaluation
Males dosed once daily beginning at 49 days
before cohabitation and continuing for 69 days
of treatment. Female rats were administered
the test article, vehicle or saline control once
daily beginning 15 days before cohabitation and
continuing through day 7 of gestation. Females
were sacrificed on Gestation day 13, males
were sacrificed at the end of dosing.
None that affected the integrity of the study

Observations and Results
Mortality: Four premature deaths were observed.
One male in the 10 mg/kg/day group was found dead on day 46, 26 min
after dosing. Adverse clinical observations prior to death included excess salivation
on dosing days 1, 7, 8, 14, and 15 and soft or liquid feces on dosing days 5 to 9.
Body weight gains and feed consumption values were not significantly affected.
Necropsy revealed a clear solid substance in the stomach; all other tissues
appeared normal. This animal showed clinical signs similar to those observed in
controls (see below). Therefore, a relationship to the test article is uncertain.
One male in the 25 mg/kg/day dose group was sacrificed due to moribund
condition on dosing day 57, ~1.5 hr after dosing. Adverse clinical observations
before sacrifice included excess salivation on dosing days 1, 12 to 15, 17, 18, 27,
28, 30, and 39, soft or liquid feces on dosing days 18 to 26, 33 to 51, 54, 56 and
57, swollen snout on dosing days 24 to 57, localized alopecia (limbs) on dosing
days 28 to 37, swollen forepaw digit on dosing days 29 to 37, misaligned incisors
on dosing days 45 to 57, labored breathing and red urine-stained abdominal fur on
dosing days 52 to 55, and chromodacryorrhea and chromorhinorrhea on dosing
days 52 to 57. This rat tended to lose weight after dosing day 50 and feed
consumption values were unremarkable. Necropsy revealed a tan and black area
and a tan area on the left lateral lobe of the liver; all other tissues appeared normal.
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The sponsor thought the deterioration in the condition of this rat was due to
dentition related problems rather than test article.
Two females died due to gavage complications; 1 female in the vehicle
control found dead on day 7 prior to dosing and 1 female in the 25 mg/kg/day group
moribund sacrificed on dosing day 17, before administration of the 17th daily dose.
Necropsy revealed perforations of the esophagus in both animals.
Clinical Signs - In males, increased incidences of soft or liquid feces and excess
salivation occurred in the vehicle control group and all groups administered the test
article. Swollen snout, localized alopecia of the limbs, swollen forepaw digits and
urine-stained abdominal fur occurred at significantly increased incidences in the 25
mg/kg/day dose group. No test article related effects were seen in females.
Body Weight - Body weights of male rats were reduced by ~10% in the 25
mg/kg/day dose group on study days 8-64, and remained significantly reduced
through termination. Body weights were significantly increased ~5% in the 10
mg/kg/day male dose group for the entire study period.
Feed Consumption - Food intake somewhat correlated with the weight gains and
losses mentioned for the 10 and 25 mg/kg/day groups, but the values of these
changes were not considered toxicologically relevant.
Toxicokinetics (0.5, 1, 4, 12 and 24 hrs postdose on Day 70 for males and Day 7 of
gestation for females) – Tables 63 and 64 were copied from the sponsor’s NDA.
T1/2, Tmax and Tlast were all in hrs, Cmax was in ng/mL and AUC values were in
ng•hr/mL.
Table 63: Summary of Toxicokinetics Results for Female Rats

Table 64: Summary of Toxicokinetics Results for Male Rats

Stability and Homogeneity - Dosing solutions were evaluated at several points
during the study. Actual concentrations showed sporadic fluctuations that were as
much as 15% from target dose. In all cases, actual concentrations were less than
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targeted concentration. Although the study is considered valid, safety factors
should be based on systemic exposure.
Necropsy – No test article-related effects
Fertility Parameters - Sperm motility, count, and density were unaffected by
dosages of test article as high as 25 mg/kg/day. There was no effect on estrous
cycle. All mating and fertility parameters were unaffected by dosages of the test
article as high as 25 mg/kg/day. No caesarean-sectioning parameters, including
the number or corpora lutea, were affected by dosages of the test article as high as
25 mg/kg/day.
Embryonic Fetal Development
Study title: Oral (gavage) Dosage-Range Developmental Toxicity Study of ISATX247 in
Rats
Study no: ISA00-23
Study report location: Electronic Document Section 4.2.3.5.2.1
(b) (4)
Conducting laboratory and location:
Date of study initiation: Final report issued on July 5, 2001
GLP compliance: Yes, US FDA, Japanese and OECD
QA statement: Yes
Drug, lot #, and % purity: ISATX247, lots A-1326 and A-1335, 104.9% pure
Key Study Findings
• Based on results from this study, 20 mg/kg/day was chosen as the high dose
for the definitive embryofetal toxicity study.
• Litter sizes and number of live fetuses were reduced and the number of early
and late resorptions was increased in a dose dependent manner in the 40,
80, and 150 mg/kg/day dose groups.
• Males comprised ~90% of fetuses in the high dose group.
• Fetal body weights were reduced 20% in 80 and 150 mg/kg/day males and
80 mg/kg/day females. Fetal body weights were reduced 40% in 150
mg/kg/day females.
Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

0 (saline), 0 (vehicle), 20, 40 , 80, or 150 mg/kg/day
Once daily from gestation days 6 through 17
1.5 ml/kg
Oral gavage
(b)
Vitamin E-TPGS/MCT oil/Tween 40 (4)% ethanol
Crl:CD®(SD)IGS BR VAF/Plus® rats
8 pregnant females per group
None
Standard
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Deviation from study protocol: No deviation was considered to have affected the
validity of the study.
Observations and Results
Mortality (Twice daily) - No premature mortality was observed.
Clinical Signs (Twice daily during dosing, daily during post-dosing) - Excess
salivation was seen in all test article groups.
Body Weight (Days 0, 6, 10, 12, 15, 18, and 21) - Body weight gains and terminal
body weights were reduced 8 to 20% in the 40, 80 and 150 mg/kg/day dose groups
during dosing.
Feed Consumption - Food intake was reduced an average of 5% in the 40, 80, and
150 mg/kg/day dose groups during dosing.
Stability and Homogeneity - Dosing solutions were homogeneous and were within
10 to 21% of targeted concentration, with accuracy increasing with increasing dose
level (i.e,. low dose solution was 79% of target while top dose concentration was
90% of target).
Necropsy (Gestation day 21) – No test article-related findings
Cesarean Section Data - Reduced litter size and number of live fetuses, and an
increased number of total, early, and late resorptions, and number of dams with
dead or resorbed fetuses were affected in a dose dependent manner in the 20, 40,
80, and 150 mg/kg/day dose groups, with the effects in the 20 and 40 mg/kg/day
group being within the realm of standard deviation. The number of corpora lutea
was not affected. Fetal body weights were reduced in the 40, 80, and 150
mg/kg/day dose groups. No gross external abnormalities were observed.
Offspring (Malformations, Variations, etc.) - Fetuses were weighed and examined
for gross external alterations and sex. Placentae were weighed. No external gross
alterations were observed. An increase in male fetuses was seen in the high dose
group as compared to control and lower dose levels (90% vs. 45-56%). Fetal body
weights were reduced 20% in the 80 and 150 mg/kg/day males and 80 mg/kg/day
females and 40% in the 150 mg/kg/day females.
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Study title:
Rats

Oral (Gavage) Developmental Toxicity Study of ISATX247 in

Study no:
Study report location:
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

ISA01-12
Electronic Document Section 4.2.3.5.2.1
(b) (4)

April 12, 2001
Yes, US, Japanese and OECD
Yes
ISATX247, lot A-1541, 104.9% pure

Key Study Findings
• Maternal NOAEL was 25 mg/kg/day, although scant feces, excess salivation
and urine stained fur were seen at all dose levels.
• A reduction in body weight gain and food consumption and a decrease in
absolute and relative ovarian weights were also noted, but were not
considered toxicologically relevant. In fact, no difference was observed in
body weight or body weight gain when correcting for gravid uterine weight.
• Developmental NOAEL was 10 mg/kg/day due to increased number of
resorptions, percent dead or resorbed conceptions per litter and the total
number of early and late resorptions and decreases in the number of live
fetuses at 25 mg/kg/day. At the NOAEL, Cmax was 474.2 ng/mL and AUC0-∞
was 6240.3 ng•hr/mL.
• No toxicologically relevant test article related malformations or variations
were identified.
• Delayed ossification of metatarsals was marginally observed in 25
mg/kg/day pups, although the incidences were not considered toxicologically
relevant. Fetal body and placental weights were also reduced in the 25
mg/kg/day group.
• Therefore, fetal toxicity was observed at doses that did not cause significant
maternal toxicity.
Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:
Deviation from study protocol:

0, 2.5, 10, or 25 mg/kg/day
Once daily
1.5 ml/kg
Oral gavage
(b)
Vitamin E-TPGS/MCT oil/Tween 40 (4)% ethanol
Crl:CD®(SD)IGS BR VAF/Plus® rats from Charles River
Laboratories, Inc., Raleigh, NC
25
An additional 6 rats/group were used for TK evaluation in
the 2.5, 10, and 25 mg/kg/day dose levels.
Dosing on gestation days 6 - 17
None that affected the interpretation of the study.
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Observations and Results
Mortality (Twice daily)- No premature deaths were observed.
Clinical Signs (Twice daily during dosing and once daily in postdosing period) 
Increased numbers of rats with scant feces, excess salivation, urine-stained
abdominal fur and alopecia in the 2.5, 10, and 25 mg/kg/day dose groups and red
perioral substance was observed in the 25 mg/kg/day dose group. No necropsy
observations related to the test article occurred.
Body Weight (Once baseline and daily during dosing and postdose) - Terminal
body weight was significantly reduced by ~ 5% in the 25 mg/kg/day dose group
compared to vehicle controls. Body weight gain was significantly reduced (12%) in
the 25 mg/kg/day dose group. No difference was observed in body weight or body
weight gain when correcting for gravid uterine weight (gravid uterine weight was
decreased by 21%).
Feed Consumption (Baseline and on gestation days 6, 10, 12, 15, 18 and 21) 
Absolute and relative food consumption was significantly reduced (12%) in the 25
mg/kg/day dose from gestation days 15 to 18.
Toxicokinetics (Destation day 17 at predose and 0.5, 1, 4, 12, and 24 hrs postdose)
– Table 65
Table 65: TK Parameters of the Oral Developmental Toxicity Study of ISATX247 in
Rats

Dose
(mg/kg/day)
2.5
10
25
*AUC all

Tmax
(hrs)
4.0
4.0
4.0

Cmax
(ng/mL)
58.5
474.3
1058.0

N
6
6
6

T1/2
(hrs)
3.4
5.4
5.3

AUC(0-∞)
(ng•hr/mL)
589.5
6240.3
12852.6

Stability and Homogeneity - Dosing solutions were considered stable and
homogeneous. Dosing solutions were within 128 to 133% of targeted dose for the
low dose group. The middle dose was within 106 to 107% of targeted dose while
the high dose was within 100 to 104% of the targeted concentration.
Necropsy - A reduction in absolute and relative to brain ovarian weights (12-14%)
was observed at 25 mg/kg/day.
Cesarean Section Data - The number of dams with any resorption, the total number
of resorptions, the percent dead or resorbed conceptuses per litter and the total
number of early and late resorptions was increased approximately 3x in the 25
mg/kg/day dose group compared to the vehicle control group. Fetal body weights
were reduced 4% (p≤0.05) at 25 mg/kg/day. Placental weight was decreased 11%
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(p≤0.01) at 25 mg/kg/day. In addition, the litter size and the number of live fetuses
were significantly decreased in the same dose group (14.7 ± 2.9 vs. 11.8 ± 4.1, and
14.7 ± 2.9 and 11.7 ± 4.2, respectively). There were no effects on male/female
percentages in fetuses in this study. The number of corpora lutea was not affected.
There was no effect observed at the lower dose levels.
Offspring (Malformations, Variations, etc.) - No gross external, soft tissue, or
skeletal fetal alterations (malformations or variations) were observed in any of the
dose groups. The sponsor stated that delayed ossification was noted in the
metatarsals in the 25 mg/kg/day dose group; these incidences were not considered
toxicologically relevant (4.74 ± 0.26 in controls vs. 4.53 ± 0.32 at 25 mg/kg/day).
Study title: Oral (Stomach Tube) Dosage-Range Developmental Toxicity Study of
ISATX247 in Rabbits
Study no: ISA00-24
Study report location: Electronic Document Section 4.2.3.5.2.1
(b) (4)
Conducting laboratory and location:
Date of study initiation: Study completed on July 5, 2001
GLP compliance: Yes, US FDA, Japanese and OECD
QA statement: Yes
Drug, lot #, and % purity: ISATX247, lots A-1326 and A-1324, 104.9% pure
Key Study Findings
Based on results from this study, 20 mg/kg/day was chosen as the high dose for
the definitive embryofetal study in rabbits.
Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:
Deviation from study protocol:

0 (saline), 0 (vehicle), 20, 40, 80, or 150 mg/kg/day
Once daily
1.5 ml/kg
Oral gavage
(b)
Vitamin E-TPGS/MCT oil/Tween 40 (4)% ethanol
New Zealand White [Hra(NZW)SPF] rabbits
5 does per dose group
None
Treatment on gestation days 6 through 18
None that affected the integrity of the study.

Observations and Results
Mortality (Twice daily) – One death was observed in the 20 mg/kg/day group on
gestation day 20. Clinical signs prior to death included ungroomed coat on
gestation days 11 through 20 and soft, liquid or scant feces on gestation days 13 to
16 and 16 to 20. Weight loss and severe reduction of food consumption was
observed beginning on gestation day 8. Multiple red spots and an ulcerated area
on the stomach were noted at necropsy, all other tissues appeared normal. The
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litter consisted of 11 late resorptions. Given that mortalities were not observed at
the higher doses, this mortality was not considered related to the test article.
Clinical Signs (Twice daily during dosing, once daily thereafter) - Abortion was
seen in a single rabbit in each of the saline, 40, and 150 mg/kg/day groups, and in
two rabbits in the 80 mg/kg/day dose group. The abortions were observed on
gestation days 22 or 23 and were preceded by the following clinical signs observed
between gestation day 9 until death. Ungroomed coat and abnormal feces were
observed in the 20, 40, 80, and 150 mg/kg/day dose groups. Red perivaginal
substance and/or red substance in the cage pan were observed in 40, 80, and 150
mg/kg/day groups. These clinical signs were also seen in animals that did not
experience an abortion. Given the lack of a dose response and similar incidence at
40 and 150 mg/kg/day to that of control group, it was difficult to associate these
abortions to the test article.
Body Weight (daily) - Decreased weight (~10-20% from saline controls) was seen
the 80 and 150 mg/kg/day dose group at termination. Body weight gain was - 0.03
and -0.81 kg, respectively, compared to a gain of 0.50 kg in both the saline and
vehicle controls. No difference was observed in body weight when correcting for
gravid uterine weight (gravid uterine weight was decreased by 97% at both dose
levels). Gravid uterine weight was also decreased by 60% and 76% at 20 and 40
mg/kg/day.
Feed Consumption (daily) - Absolute and relative feed consumption values were
reduced at ≥20 mg/kg/day during the dosing period compared to vehicle and saline
controls. The effects were dramatic at the 150 mg/kg/day level (~50-75%
reduction).
Stability and Homogeneity - Test article was within 89 to 93% of target
concentration for the low dose, 88 to 91% of target concentration for the mid dose
and 91 to 92% of target for the high dose. Dosing solutions were considered
homogeneous.
Necropsy (Gestation day 29) –Paired ovarian weights were significantly reduced
(47-57%) for the 80 and 150 mg/kg/day dosage groups compared with the saline
control group.
Cesarean Section Data - Reductions in litter size, number of live fetuses, and fetal
body weights, increased number of total, early and late resorptions, and increased
number of does with any resorptions were observed in the 20, 40, 80 and 150
mg/kg/day dose groups. There were no live fetuses in the 80 and 150 mg/kg/day
dose groups. Fetal body weights were reduced in the 20 mg/kg/day (26%) and 40
mg/kg/day (13%) dose groups, but remained within the standard deviation of
controls.
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Study title: Oral (Stomach Tube) Developmental Toxicity Study of ISATX247 in
Rabbits
Study no: ISA01-13
Study report location: Electronic Document Section 4.2.3.5.2.1
(b) (4)
Conducting laboratory and
location:
Date of study initiation: May 11, 2001
GLP compliance: Yes, US FDA, Japanese, and OECD
QA statement: Yes
Drug, lot #, and % purity: ISATX247, lot A-1541, 104.9% pure
Key Study Findings:
• The maternal NOAEL was selected as 10 mg/kg/day based on slight effects
on body weight, body weight gain, and food consumption that were more
manifest at 20 mg/kg/day.
• A decrease in the number of live fetuses and number of implantations and
an increase in both early and late resorptions was notable in the 20
mg/kg/day dose group. The mid-dose group also had a decrease in the
number of live fetuses and number of implantations.
• Fetal weights were decreased at 10 and 20 mg/kg/day.
• Delayed ossifications were observed at 20 mg/kg/day.
• The developmental NOAEL was selected as 2 mg/kg/day.
• Cmax and AUC values were below the limit of detection for the NOAEL. Cmax
and AUC0-∞ for the 10 mg/kg/day dose group were 47.7 ng/mL and 280.2
ng•hr/mL, respectively.
Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:

0, 2, 10 and 20 mg/kg/day
Once daily
1.5 ml/kg
Oral gavage
(b)
Vitamin E-TPGS/MCT oil/Tween 40 (4)% ethanol
New Zealand White [Hra:NZW(SPF)] rabbits from
(b) (4)

Number/Sex/Group:
Satellite groups:
Study design:
Deviation from study protocol:

20 female rabbits/group
6 female rabbits/test article group for TK evaluation
Treatment on gestation days 6 through 18
None that affected the integrity of the study

Observations and Results
Mortality (Twice daily) - No premature deaths due to test article were observed.
One 2 mg/kg/day doe was found dead on gestation day 17 approximately 40 min
post-dose, presumably due to an intubation accident. Clinical signs preceding
death included soft or liquid feces on gestation days 11 to 14 and ungroomed coat
on gestation days 11 to 12. Both weight gain and food consumption were
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considered normal. The lungs were spongy to the touch when inflated suggesting
test article had been misdirected during gavage. No other abnormalities were
observed. The litter consisted of 10 embryos that appeared normal for their stage
of development.
Three does experiencing abortion were also sacrificed prematurely. One
doe from the 10 mg/kg/day group aborted on gestation day 21 and 2 does in the 20
mg/kg/day group aborted on gestation days 21 and 24, respectively. Clinical
findings preceding abortions included liquid/soft or scant feces, red substance in
the cage pan, weight loss, and decreased food consumption. The fetuses in the 10
and 20 mg/kg/day groups were either resorbed, aborted, or dead. The sponsor
considered these abortions as test article related because the incidence was dose
dependent. However, the incidence is still within reported historical control data
(b) (4)
[min = 0, max = 2 (16.7%);
. Therefore, it is difficult to definitely attribute the abortions to
the test article.
Clinical Signs (Twice daily during dosing, once daily thereafter) - Red substance in
the cage pan and/or fetuses in the cage pan were seen only in does undergoing an
abortion. Soft/liquid feces and ungroomed coat were seen in all dose groups, with
the incidence of soft/liquid feces increasing in the 2 mg/kg/day and above groups.
Other observations included scant feces, head tilt, localized alopecia, rales,
scab on left hindpaw and abrasion on the left hindpaw. These were observed one
to multiple times in only 1 to 2 animals and test article relationship could not be
established.
Body Weight (baseline and daily during dosing and postdosing periods)- On Day
29, maternal body weights were slightly higher (3-6%) in the 10 and 20 mg/kg/day
dose groups compared to controls. When corrected for gravid uterine weight, body
weight on Day 29 were 6% and 12% higher (p≤0.01) at 10 and 20 mg/kg/day,
respectively, compared to controls (gravid uterine weight was decreased 20% and
39%, respectively; p≤0.01). Body weight gain was decreased at 10 and 20
mg/kg/day during gestation days 6-9 (+0.07 ± 0.09 kg in controls vs. +0.01 ± 0.08
kg and -0.02 ± 0.12 kg at 10 and 20 mg/gk/day, respectively; p≤0.01 at the high
dose). After gestation day 12, body weight gains were increased. The overall gain
from day 0-29 was (-0.06 ± 0.15 kg in controls vs. +0.15 ± 0.16 kg and +0.37 ± 0.28
kg at 10 and 20 mg/gk/day, respectively; p≤0.01).
Feed Consumption (daily) - Food consumption was reduced 10-25% in mid and
high dose dams during dosing (Days 6-19) with statistical significance only
observed at the high dose. However, food consumption was similar (mid dose) or
slightly higher (≤25% at the high dose with statistical significance on Days 24-29)
than controls after dosing was stopped.
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Toxicokinetics (Gestation day 18 at predose and 0.5, 1, 4, 12 and 24 hrs postdose)
– Table 66
Table 66: TK Parameters from the Oral Developmental Toxicity Study of ISATX247
in Rabbits

Dose
Tmax
Cmax
(mg/kg/day)
(hours)
(ng/mL)
2.0
BLD*
BLD
10
4.0
47.7
20
4.0
161.0
*BLD = below limit of detection

N
6
6
6

T1/2
(hours)
BLD
BLD
8.8

AUC(0-∞)
(ng•hr/mL)
BLD
280.2
1641.9

Stability and Homogeneity - Dosing solutions were considered homogeneous. Low
dose was 127 to 129% of targeted dose, middle dose was 98 to 101% of targeted
dose and high dose was 100 to 103% of high dose.
Necropsy (Gestation day 29) - Paired ovarian weight was significantly reduced by
16% (p≤0.05) at 20 mg/kg/day compared to the vehicle control.
Cesarean Section Data - A decrease (30%; p≤0.05) in the number of live fetuses
accompanied with a 14% decrease in implantations and a 2-5x increase in both
early and late resorptions was notable in the 20 mg/kg/day dose group. The
number of does with any resorption was also higher (1.7x) in the high dose group.
Corresponding decreases in placental weights were observed (9%).
The mid dose group also had a decrease in the number of live fetuses
(11%), apparently due to decreased number of implantations (11%). Placental
weight was decreased 7.7%.
The number of corpora lutea was decreased 7% (mid dose) and 10% (high
dose).
Offspring (malformations, variations, etc.) - Fetal body weights were decreased at
10 mg/kg/day (12%; p≤0.05) and 20 mg/kg/day (15%; p≤0.01) compared to
controls. Both the fetuses with any alteration observed and the % of fetuses with
any alteration/litter was increased in the 20 mg/kg/day dose group (2.8x and 3.3x,
respectively). Test article was associated with delayed ossification (metacarpals).
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Study title: A Dose Range Finding Study of the Effects of Trans-ISA247 on
Embryo/Fetal Development in Rabbits
Study no: ISA04-04
Study report location: Electronic Document Section 4.2.3.5.2.1
(b) (4)
Conducting laboratory and location:
Date of study initiation: June 30, 2004
GLP compliance: Yes, US FDA
QA statement: Yes
Drug, lot #, and % purity: Trans-ISA247, lot A-4654, 100% purity
Key Study Findings
• Results of this study led to the choice of 1, 5, and 20 mg/kg/day to be used
in the definitive embryo-fetal toxicity study of trans-ISA247.
• At the 40 and 60 mg/kg/day doses, increased postimplantation loss was
observed.
• Due to inherent toxicity of the vehicle, the dosing volume chosen for the
definitive study was 0.75 ml/kg rather than 1.5 ml/kg.
Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:

0 (vehicle), 0 (saline), 2, 10, 20, 40 and 60 mg/kg/day
Once daily on gestation days 6 to 18
1.5 ml/kg
Oral gavage
Vehicle-ISA247 (composition not specified) or 0.9%
sodium chloride
(b) (4)
Species/Strain: New Zealand white rabbits from

Number/Sex/Group:
Satellite groups:
Study design:
Deviation from study protocol:

5 females/group
None
Standard Seg II Dose range finding
None that affected the integrity of the study.

Observations and Results
Mortality (Twice daily) – Respectively, 2, 1, 1, 1, and 2 females in the vehicle
control, 2, 10, 40 and 60 mg/kg/day groups were euthanized in extremis or aborted
prior to scheduled necropsy. The vehicle control, 2 and 60 mg/kg/day females
were euthanized due to decreased food consumption and body weight loss,
labored respiration and decreased defecation and/or urination on gestation days
11, 8, and 20, respectively. Prior to euthanasia, the 60 mg/kg/day female also had
brown material on various body surfaces and soft stool. The female in the 2
mg/kg/day group had rales and body weight losses. These effects were considered
to be due to vehicle rather than test article. None of the abortions were attributed
to test article.
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Clinical Signs - The vehicle was not well tolerated in this study. Brown material on
various body surfaces and changes in excreta (soft stool, decreased defecation,
decreased urination and/or diarrhea) were noted in the vehicle and test article
groups as early as gestation day 7. There were no changes noted in the saline
controls. Red colored urine was observed in the 40 and 60 mg/kg/day groups
during the post-treatment period (gestation days 19 to 27).
Body Weight - A ~5% reduction in body weight was seen in the vehicle controls,
and a ≥ 10% reduction was seen in the 10, 40, and 60 mg/kg/day dose groups as
compared to saline controls. The sponsor wanted to attribute these effects to the
vehicle, yet the weight of 2 and 20 mg/kg/day dosed animals was either equal to or
higher than that of saline treated animals.
Feed Consumption - Reduced food consumption was seen in the vehicle controls
and test article groups, but not the saline control animals. Test article contributed
to effects additive to vehicle at the 40 and 60 mg/kg/day dose groups.
Stability and Homogeneity - Dosing solutions were between 97.5 to 100.4% of
targeted dose.
Necropsy (Gestation day 29) - Swollen mammary glands were seen in all test
article treated groups. Lower mean uterine weights were seen in the 40 and 60
mg/kg/day groups and were attributed to higher postimplantation loss and mean
fetal weights in these groups.
Cesarean Section Data – The number of early resorptions was increased at 40 and
60 mg/kg/day (35.8 and 91.7%/litter, respectively vs. 3.0-3.1% in saline and vehicle
controls). Mean litter postimplantation loss resulting in fewer viable fetuses/litter
(59.2% and 8.3%/litter, respectively, vs. 97-96.9%/litter in the saline and vehicle
controls) and reduced mean fetal weights (26% and 11%, respectively) were seen
in the 40 and 60 mg/kg/day dose groups. Mean fetal weights were also decreased
at all other ISA247 doses by a similar percent.
Offspring (Malformations, Variations, etc.) - There were no test article related
malformations or variations seen in the fetuses in this study.
Study title:
A Study of the Effects of Trans-ISA247 on Embryo/Fetal
Development in Rabbits
Study no: ISA04-05
Study report location: Electronic Document Section 4.2.3.5.2.1
(b) (4)
Conducting laboratory and location:
Date of study initiation: August 182004
GLP compliance: Yes, US FDA and Japanese
QA statement: Yes
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Drug, lot #, and % purity: Trans-ISA247, lot A-4654, purity considered to
be 100%
Key Study Findings
• The maternal NOAEL was selected as 10 mg/kg/day based on slight effects
on body weight, body weight gain, and food consumption at 20 mg/kg/day.
• The NOAEL for fetal toxicity was considered to be 1 mg/kg/day due to
decreases in body weight and delayed ossifications at 5 and 20 mg/kg/day.
• Systemic exposures at this dose were: Cmax: 1.1 ± 0.9, AUCall 8.1 ± 7.4.
Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:

0 (vehicle), 0 (saline), 1, 5, and 20 mg/kg/day
Once daily
0.75 ml/kg
Oral gavage
Oil based vehicle Vehicle-ISA247 (composition
not specified)
(b) (4)
Species/Strain: New Zealand white rabbits from

Number/Sex/Group: 22 pregnant females per group.
Satellite groups: 4 animals per 1, 5, and 20 mg/kg/day doses
Study design: Standard seg II protocol; dosing from gestation
days 6-18
Deviation from study protocol: None that affected the integrity of the study.
Observations and Results
Mortality (twice daily) - There were no premature deaths due to test article. One 20
mg/kg/day animal died due to intubation error on gestation day 22 and esophageal
perforation was observed at necropsy. One animal in the saline group was found
dead but cause of death was not determined although multiple dark red areas were
seen in all lobes of the lungs. Another saline control female was euthanized in
extremis on gestation day 22 due to severe weight loss and decreased food
consumption. The animal that was euthanized had a hairball.
Clinical Signs – The test article caused an increase of soft stools and brown
material on various body surfaces in the 20 mg/kg/day group compared to all other
groups. The finding of soft stool was present over the course of dosing and was, in
part, due to the vehicle.
Body Weight – Increased body weight was noted at the high dose starting on Day
22 (dosing had ceased) with an 8% increase on Day 29 (study termination). Body
weight gain was increased approximately 2-7x at 20 mg/kg/day starting on Days
10-11 and throughout the study. When corrected for gravid uterine weight, body
weight was increased by 12% and body weight gain by 695% (8x).
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(b) (4)

Feed Consumption - Food consumption was decreased 13 to 18% during dosing in
the 20 mg/kg/day dose group, but returned to normal after dosing.
Toxicokinetics (Predose and 0.5, 1, 4, 12, and 24 hrs postdose on gestation days 6
and 18) - TK animals were sacrificed on gestation day 19 and pregnancy status
was determined. The cis-isomer was detected only in the 20 mg/kg/day group at
levels close to the limit of quantitation. The results are shown in Table 67.
Table 67: Steady State TK Values for Trans-ISA247 on Gestation Day 18 in
Rabbits

Dose
(mg/kg/day)
1
5
25

Tmax
(hr)
8 ± 5.7
4.0 ± 0
2.5 ± 1.7

Cmax
(ng/mL)
1.1 ± 0.9
13.4 ± 8.5
59.9 ± 17.8

AUCall
(ng•hr/ml)
8.1 ± 7.4
105.0 ± 66.8
516.7 ± 139.9

Stability and Homogeneity - Dosing solutions were considered homogeneous and
within 15% of targeted concentration.
Necropsy (gestation day 29) - Swollen mammary glands were observed in 8 and 18
animals, respectively, at 5 and 20 mg/kg/day. Mean gravid uterine weight was
lower (17%; p≤0.01) in the 20 mg/kg/day group due to lower fetal body weights in
this group.
Cesarean Section Data - Statistically significant test article-related decreases in
fetal weights in the 5 mg/kg/day (8.5%) and 20 mg/kg/day (28%) groups (p≤0.05 or
p≤0.01). No other c-section parameter was affected including number of live
fetuses, early/late resorptions, number of implantation sites, etc.
Offspring (Malformations, Variations, etc.) - There were no test article-related
external, visceral or skeletal malformations or external or visceral developmental
variations noted in any group. Decreased/delayed ossification (sternebrae nos. 5
and/or 6 and hyoid body and/or arches) was noted in the 5 and 20 mg/kg/day dose
groups. These findings correlated with reduced mean fetal weights in these dose
groups.
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Prenatal and Postnatal Development
Study title:
Oral (Gavage) Developmental and Perinatal/Postnatal
Reproduction Toxicity Study of ISATX247 in Rats, Including a Postnatal
Behavioral/Functional Evaluation
Study no: ISA02-03
Study report location: Electronic Document Section 4.2.3.5.3.1
(b) (4)
Conducting laboratory and location:
Date of study initiation: May 20, 2002
GLP compliance: Yes, US, Japanese and OECD
QA statement: Yes
Drug, lot #, and % purity: ISATX247, lot 32050522, 96.6% pure
Key Study Findings
• The maternal NOAEL of ISATX247 was 10 mg/kg/day (Cmax = 376.8 ng/ml
and AUC0-24hrs = 2392.4 ng•hr/mL). The 25 mg/kg/day dose caused
mortalities and incomplete parturition.
• The developmental NOAEL for ISATX247 was 10 mg/kg/day. The 25
mg/kg/day dose caused a reduction in the number of litters (due to the
effects on parturition) and a reduction in the number of live fetuses and total
pups delivered with a resulting increase in mean pup body weight due to
decreased litter size.
• The NOEL for general toxicity of ISATX247 in the F1 generation was > 25
mg/kg/day (Cmax = 1145.9 ng/mL, AUC0-24hrs = 14504.3 ng•hr/mL). This was
the highest dose tested.
• The F1 generation male and female NOEL for behavioral, reproductive, and
developmental toxicity of ISATX247 is also greater than 25 mg/kg/day.
Methods
Doses: 0 (saline), 0 (vehicle), 2.5, 10, and 25 mg/kg/day
Frequency of dosing: Fo:Once daily on gestation days 6 through
lactation day 20
F1: Possibly exposed in utero during treatment
of the dams or through maternal milk during
lactation
Dose volume: 1.5 mL/kg
Route of administration: Oral gavage
(b)
Formulation/Vehicle: Vitamin E-TGPS/MCT oil/Tween 40 (4)%
ethanol
Species/Strain: Crl:CD®(SD)IGS VAF/Plus®
Number/Sex/Group: 25 pregnant females per group
Satellite groups: 6 animals per 2.5, 10, and 25 mg/kg/day doses
for TK evaluation in Fo generation
Study design: Standard Segment III design
Deviation from study protocol: None that affected the integrity of the study
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Observations and Results (Optional Table)
F0 Dams
Survival (twice daily):
No premature deaths due to test article were observed.
One female in the 2.5 mg/kg/day group died on
lactation day 2 due to a gavage error. A significantly
increased number of dams in the 25 mg/kg/day group
were sacrificed during parturition due to incomplete
delivery affecting 12 dams on gestation days 27 to 31.

Clinical signs (twice daily during
dosing once on day of sacrifice):

Body weight (daily):
Feed consumption (every 2-7
days during gestation days 0-25
and lactation days 1-14):
Uterine content:

Necropsy observation:

Toxicokinetics (0.5, 1, 4, 12 and
24 hrs postdose on last day of

In the satellite groups, one rat in the 25 mg/kg/day
group was found dead on gestation day 26 and three
dams were sacrificed due to moribund condition on
gestation days 28 or 31.
Increased incidence of red and/or brown substance in
the vaginal and/or perivaginal areas, pale mucous
membranes, soft or liquid feces, dehydration and
emaciation in the 25 mg/kg/day dose group. Other
observations were seen only in the 25 mg/kg/day
group: excess salivation, abdominal extension, urinestained fur, ataxia, impaired righting reflex and
decreased motor activity.
Other signs not considered test article related due to
lack of dose response or observation in a small group
of rats included chromorhinnorhea, rales, alopecia,
swollen neck, chromodacryorrhea, labored breathing,
excess salivation and dehydration.
No toxicologically relevant effects observed
No toxicologically relevant effects observed
Mean number of total pups delivered, surviving pups
per litter, and the number of liveborn pups was
significantly reduced in the 25 mg/kg/day dose group
(17%, ~15%, and 17%, respectivley). Pup body weight
was increased (13-17%) on lactation days 1 to 21 in
the 25 mg/kg/day group compared to the saline
controls
Findings seen only in dams that had prolonged
parturition included adhesions of the uterus, ruptured
right uterine horn, and thick uterine walls.
One pup in the 10 mg/kg/day group and 3 pups in the
25 mg/kg/day group had umbilical hernias.
See table below.
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There was a large degree of heterogeneity in the
different dose groups. On the first and last days of
dosing, dosing solutions were within 15% of targeted
concentration. Samples from Days 2 and 3 had
significant heterogeneity ranging from 52.9 to 74.6%
and 67.5 to 88.4% of targeted dose. Stock solutions
were considered stable for the duration of use.

Other:
Table 68: TK Parameters for the Oral Developmental and Perinatal/Postnatal
Reproduction Toxicity Study of ISATX247 in Rats

Dose
Tmax
(mg/kg/day)
(hr)
2.5
1.0
10
1.0
25
4.0

Cmax
(ng/mL)
49.3
376.8
1145.9

AUC0-24hr
(ng•hr/mL)
379.6
2392.4
14504.3

Tλ1/2 (hr)
2.5
3.8
4.3

F1 Generation: All pups observed for viability and body weight gain from birth to
lactation day 21. On lactation day 21, 25 males and 25 females per dose group
were chosen for continued evaluation after weaning.
Survival (twice daily): No premature deaths due to maternal
exposure to test article.
Clinical signs (once daily): No test article effects observed.
Body weight (weekly): No test article effects observed.
Feed consumption: No test article effects observed.
Physical development: No test article effects observed for sexual
maturation or reproductive performance.
No test article effects observed for
Neurological assessment:
cognition or learning as evaluated in the
At day 24 ± 1 postpartum, one male
and one female from each litter were
passive avoidance and water maze tests.
evaluated in a passive avoidance test
for learning, short-term and long term No test article effects for average corpora
lutea, implantations, litter sizes,
retention.
At 70 days postpartum, one male and resorptions, percent male fetuses, percent
resorbed conceptuses, fetal body weights
one female from each litter were
tested in water maze for coordination, and the number of dams with resorptions
swimming, learning and memory.
were observed.
Reproduction:
No test article effects observed.
Females evaluated for sexual
maturation beginning on day 28
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21.
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Necropsy
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Not applicable.
No test article effects observed.

F2 Generation: No test article effects in the F2 generation including litter size,
fetal weights and male/female ratios.
10

Special Toxicology Studies

Local Tolerance:
Acute Dermal Toxicity in the Rabbit (ISA08-10, GLP) – Three male New Zealand
White rabbits were applied 500 mg VCS neat powder (lot # 187854) in 0.5 mL
saline for a 4-hr exposure period. The sites were scored for dermal irritation
according to the Draize method at 30-60 min and 24, 48 and 72 hrs after patch
removal. No erythema or edema was observed in any animal at any timepoint.
Under the conditions of the study, VCS was classified as non-irritating to the skin of
rabbits with a Primary Irritation Index of 0.0.
Eye Irritation in the Rabbit (ISA08-11, GLP) – VCS (100 mg powder/eye; lot #
187854) was instilled in the anesthetized right eye of 3 female New Zealand White
rabbits. The left eye served as the untreated control. Both eyes were scored for
irritation prior to dosing and at 1, 24, 48, and 72 hrs post-dose. Iritis was observed
in 2/3 animals at 1 hr post-dose and conjuctival redness, chemosis, and discharge
were observed in all 3 animals at 1 hr postdose. Nonpositive (i.e., below the lowest
grade considered positive) conjunctival redness and/or discharge was observed in
2/3 animals at 24 and 48 hrs. Al findings reversed by 72 hrs. The highest (13.3)
mean maximal total irritation score (MMTS) was observed at 1 hr postdose. Under
the conditions of the study, VCS was classified as a slight ocular irritant.
Skin Sensitization Potential:
Skin Sensitization in the Guinea Pig (ISA08-12, GLP) - A delayed dermal contact
hypersensitivity study was conducted with VCS (lot # 187854) in guinea pigs
according to the Buehler method. VCS powder (300 mg powder), moistened with
saline, was administered by dermal application to 10 Hartley guinea pigs/sex per
group every week for 3 weeks during the induction phase, followed by a dermal
challenge at different sites with voclosporin and saline 12-16 days after the last
induction. Dermal scoring was performed 24 and 48 hrs post-challenge. VCS
powder did not elicit a delayed contact hypersensitivity response in guinea pigs
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under the conditions of the study. The positive control group, induced (0.3% in 80%
ethanol) and challenged (0.2% in acetone) with dinitrochlorobenzene (DNCB),
exhibited the anticipated responses at challenge.
Photosafety Testing:
In the nonclinical studies conducted with radioactive VCS, radioactivity was
detected in skin and eye after oral administration of 14C-labelled voclosporin to
albino and pigmented rats (Study # ISA05-18). As VCS does not absorb light in the
wavelength of 290-700 nm and has little potential to bind to melanin, it is not a
candidate for phototoxicity evaluation.
Integrated Summary and Safety Evaluation
Voclosporin (VCS) is structurally similar to cyclosporine A (CsA), except for
a novel modification to the amino acid 1 residue of the molecule (addition of single
(b) (4)
carbon). Voclosporin is comprised of two geometric isomers (
% trans-isomer,
(b) (4)
(b) (4)
% cis-isomer).
The toxicology program was conducted with mix-ISA247 until the
decision was made to proceed with the development of voclosporin as the to-be
marketed formulation. The nonclinical bridging program consisted of a 13-week oral
toxicity study in rats, PK/ADME studies, and a cardiovascular study in monkeys. In
addition, voclosporine was evaluated for carcinogenicity and the potential to affect
embryofetal development.
In primary pharmacodynamics studies, voclosporin showed an IC50 of 15.8
ng/ml ± 10.2 (mean ± SD; n=9) in a assay of lymphocyte proliferation. The five
primary human metabolites (IM9, IM4, IM4n, IM1c(R), IM1-Diol-1) were significantly
less potent than voclosporin. The trans-enriched mixture was found to exhibit
higher inhibition of calcineurin activity than the cis-enriched mixture. Mix-ISA247
was more immunosuppressive at significantly lower concentrations than
cyclosporine in vitro using whole blood from cynomolgus monkeys and in vivo after
treatment of cynomolgus monkeys. These studies support the contention that
vocloporin might be a more potent immunosuppressant than cyclosporine.
After oral administration to rats, voclosporin showed low oral bioavailability
(~8%), Tmax ranged from 2-4 hrs, and t1/2 ranged from 4.8-8.7 hrs. In rabbits, the
Tmax was 4 hrs for both the cis and trans isomers after administration of
voclopsorine. After administration of mix-ISA247, the Tmax for both isomers was 1 hr
on Day 1 and 4 hrs on Day 10. In monkeys, the Tmax for voclosporin ranged from 2
4 hrs. The t1/2 for voclosporin ranged from 5.4-13 hrs. Therefore, oral voclosporin
was rapidly absorbed and eliminated at a moderate to rapid rate.
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PK studies in rats, rabbits, and monkeys (using isomer specific assay
methods) showed that following oral administration of mix-ISA247, the blood
concentrations of the trans-isomer (voclosporin) were ~2x those of the cis-isomer,
suggesting that the trans-isomer is more bioavailable than the cis-isomer.
In vitro studies, in human whole blood, did not show significant
interconversion between the cis and tran isomers. Similarly, in blood from healthy
human volunteers treated with volosporin for 12 days or from rats treated for 13
weeks, there was no evidence that significant interconversion was occurring.
Voclosporin and mix-ISA247 were extensively metabolized by hydroxylation
and oxidative N-demethylation reactions in all species studied, including humans.
However, systemic exposure to voclosporin was uniformly greater than exposure to
its measured metabolites. CYP450 3A4/5 was the primary CYP450 enzyme
involved in the Phase I metabolism of voclosporin. No unique metabolite was found
in humans. The proposed label acknowledges that the use of voclosporin with
strong inhibitors of CYP3A4/5 is not recommended.
All major circulating metabolites detected in human were also present in one
or more of the toxicology species used to evaluate the safety of voclosporin. The
profile observed in humans was more similar to the one observed in primates. IM9
and IM1-Diol-1 were observed in every species, with IM9 being the most abundant
metabolite.
The metabolism of voclosporin can be divided in 2 segments. The first is
cytochrome P450 oxidation of amino acids, other than amino acid 1, to yield the
quantifiable metabolites IM9, IM4 and IM4n. The second is cytochrome P450
oxidation of amino acid 1 to generate the quantifiable metabolites IM1-Diol-1, IM1c
(R), and IM1w. Other metabolites were observed in vivo but at levels too low to
quantitate (i.e., IM1-Diol-2, IM1-Diol-3, IM1c (S), IM1a, and IM1w-dk). Table 69
summarizes the metabolites observed on each nonclinical species studied and the
% parent.
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Table 69: Steady State Metabolite Concentrations (AUC; ng•hr/mL) and their
Percent of Parent (Voclosporin) in the Toxicology Species (Primate, Rat, Rabbit,
and Mouse) Used in the Nonclinical Safety Evaluation of Voclosporin

In pooled human liver microsomes, voclosporin was a competitive inhibitor of
CYP3A4/5 and a P-gp substrate and inhibitor. Voclosporin exposure was generally
slightly higher when administered alone compared to administration with
prednisone. The proposed label acknowledges these potential drug interactions. No
evidence of interconversion of cis-ISA247 or trans-ISA247 was observed in human
whole blood or whole blood samples from the 13-week bridging rat toxicology
study.
The PK/TK data for mix-ISA247 and voclosporin indicate that systemic
exposure increased with dose in all species. However, saturation of exposure was
observed in monkeys. Among the animal species, exposure (based on dosed
normalized AUC values) was highest in the rat, followed by the mouse, dog,
monkey, and rabbit. This is consistent with the rat being the most sensitive species.
Consistent gender differences were noted in rats; exposure to voclosporin in males
was greater than females. No evidence of accumulation with repeated dosing was
noted.
Plasma protein binding of voclosporin was high (97-98%) and independent
of concentration in humans and all nonclinical species evaluated (CD-1 mouse, SD
rat, NZW rabbit, Beagle dog, cynomolgus monkey). Voclosporin partitioned
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extensively into red blood cells and therefore, whole blood was the matrix used for
quantifying mix-ISA247, voclosporin, and metabolites. The proposed label indicates
that voclosporin is highly bound to proteins.
Wide tissue distribution of 14C-voclosporin was observed in rats and
monkeys. Higher radioactivity was associated with the gastrointestinal tract, liver,
and kidney (i.e., the major organs of drug absorption, metabolism, and excretion).
Drug-derived radioactivity distributed to the eye (target tissue) following oral
administration of 14C-voclosporin, although at low levels. The distribution profile of
drug-derived radioactivity was similar in pigmented and non-pigmented rats,
suggesting negligible binding of the drug and/or its metabolites to melanin. In rats,
elimination of radioactivity appeared to be essentially complete in most tissues by
168 hr (most tissues were below the lower limit of quantification of 0.025 µg-eq/g).
In monkeys, radioactivity was still measurable at 168 hrs postdose, although at
much lower levels than those observed at Tmax.
In both species (rats and monkeys), distribution of radioactivity to the brain
and spinal cord was low, indicating that ISA247 and/or its metabolites do not readily
penetrate the blood-brain barrier. However, although low, the levels were similar to
those observed in the target tissue (eyes) and therefore, a potential drug-related
effect cannot be rule out. In fact, as noted below, microscopic findings were
observed in the central and peripheral nervous systems.
Excretion of radioactivity from 3H-mix-ISA247 (rats) or 14C-voclosporin (rats
and monkeys) was essentially complete in rats by 168 hrs postdose, whereas in
monkeys radioactivity was still detected, although at low levels, primarily in feces
(0.22-0.59% of the dose). However, the majority of the radioactivity was eliminated
within 24-48 hrs (rats) or 48-72 hrs (monkeys). Fecal and biliary excretion were the
primary routes of elimination for rats and monkeys.
The in vivo cardiovascular safety pharmacology study suggested that
voclosporin may have the potential to induce adverse cardiovascular effects. In
cynomolgus monkeys administered an oral dose of 200 mg/kg, QT and QTc were
prolonged with mix-ISA247, cis-isomer, and trans-isomer (voclosporin). The effect
began at ~1 hr postdose with the peak occurring at 6 hrs postdose. The increase in
QTc (Bazett’s; Fridericia’s) was 46; 40, 41; 33, and 25; 18 ms for trans-ISA247,
mix-ISA247, and cis-ISA247, respectively. The data showed the effects on QTc
were slightly more marked with trans-ISA247. Exposure to voclosporin at a dose
level of 200 mg/kg in monkeys was ~8x and 5x higher than the estimated
therapeutic exposure based on AUC and Cmax, respectively. However, the sponsor
claims that no drug-related ECG abnormalities were observed in any other nonrodent toxicology studies (Note: the ECG data is pending to be reviewed) including
the 14-day dog (≤51.5 mg/kg/day), 13-week dog (≤35 mg/kg/day), 13-week monkey
(≤150/300 mg/kg/day), and 39-week monkey (≤150 mg/kg/day) repeat-dose
studies. The hERG assay showed IC50 values of 23, 72, and 43 µM for mix-ISA247,
cis-ISA247, and voclosporin, respectively. These concentrations are well in excess
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of the estimated clinical Cmax of 0.1 µM (120 ng/mL). In a rabbit Purkinje fiber
assay, voclosporin had no effect on APD90 and was not associated with the
induction of early-after-depolarizations (EADs). A modest slowing of Vmax (25%),
suggesting a potential for ventricular conduction abnormalities (QRS-prolongation),
was observed at 3.3-6.1 µM (>3600 ng/mL). However, based in the estimated
clinical Cmax of 120 ng/mL, there is at least a 30x safety margin. Therefore, the
weight of evidence suggests a low risk for QTc prolongation in the clinic at the
(b) (4)
(0.4 mg/kg/day BID). In addition, QTc evaluation has
been conducted in the clinic and the sponsor claims the data support a low risk
(see clinical review for furter details).
In the general toxicology studies, a high number of mortalities were noted in
rats which appeared to be related to the vehicle. Mice also showed mortalities
related to the vehicle. A mechanism for these mortalities was not specified. The
clinical relevance is unclear but the fact that vehicle related mortalities were not
observed in monkeys or in dogs, suggests a species specific effect.
These same studies also showed mortalities in rats and mice that were
considered related to the test article. In rats, these mortalities were associated with
neurohistological findings, i.e., gliosis and perivascular infiltrates in the brain and
spinal cord (Table 70).
Table 70: Summary of Test Article-Related Mortalities Observed in the General
Toxicology Studies
Study
Species
Agent
Dose
Observation
ISA01-18 – Rat
Cyclosporine 1 male at 10
Severe gliosis in brain
26 Weeks
mg/kg/day
ISA00-17 – Rat
Mix-ISA247
Mild, multifocal
13 Weeks
vascular/perivascular infiltrate
(associated with gliosis and
vacuolation) in the brain;
1 male each
minimal, multifocal
at 10 and 25
vascular/perivascular infiltrate
mg/kg/day
with gliosis and vacuolation in
the spinal cord; mild, multifocal
vascular/perivascular infiltrate in
the sciatic nerve
ISA05-11 – Rat
Voclosporin
3 males at 10 Inflammation and gliosis in the
13 Weeks
mg/kg/day
brain and spinal cord
ISA05-17 – Mice
Voclosporin
Lymphoid depletion and/or
13 Weeks
necrosis in various tissues
(lymph nodes, spleen, thymus),
2 males and 1
substantial
female at 125
inflammation/infection,
mg/kg/day
prominent lymphoid
depletion and/or intestinal
hemorrhage
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None of the other species showed similar findings, also suggesting species
specificity. However, consideration should be given to the fact that exposure (based
on dosed normalized AUC values) was highest in the rat and that neurotoxicity is a
known adverse effect of calcineurin inhibitors. Therefore, a similar profile cannot
be ruled out for voclosporin. It is recommended to specify this potential risk in the
proposed label and patient medication guide.
In the rat, cataract formation, renal effects, thymic atrophy, lymph node
germinal center atrophy (spleen in one study), and neurohistological findings were
the primary adverse effects. Cataract formation is considered to be a speciesspecific, class-related effect, which is also observed with cyclosporine. These
finding occurred within 13 weeks at ≥10 mg/kg/day voclosporin but was observed
within 1 month at a dose of 80 mg/kg/day mix-ISA247. However, external lens fiber
degeneration was observed as early as 1 month at 25 mg/kg/day voclosporin, mix
ISA247, and cyclosporine in the 13-week bridging study, suggesting an earlier
onset for the formation of cataracts.
Renal effects in the rat included increases in serum BUN and creatinine,
increased urine volume and glucose, decreased urine pH and creatinine, and
electrolyte imbalances at ≥10 mg/kg/day with microscopic correlates of tubular
basophilia and degeneration/regeneration and corticomedullary mineralization. The
microscopic findings generally occurred in chronic repeat-dose studies at all dose
levels (≥1.25 mg/kg/day) including the vehicle controls, and were also observed
with cyclosporine. Several of these changes were still present after a 4-week
recovery period.
As noted by the sponsor, the spectrum of observed microscopic renal
changes can arise spontaneously in the kidneys of male rats, especially as they
age. However, the increase incidence and/or severity with dose, particularly at 25
mg/kg/day, support the contention that exposure to mix-ISA247, voclosporin, or
cyclosporine produced an exacerbation of a normal biological response. In addition,
nephrotoxicity is a known adverse effect of cyclosporine and other calcineurin
inhibitors. This potential risk is acknowledged in the proposed label. Specifically,
the label recommeds assessment of renal function prior to the start of voclosporin
(b) (4)
therapy,

The neurohistological effects observed in rats included primarily gliosis,
perivascular infiltrates, and nerve fiber degeneration in the brain and spinal cord.
Peripheral (sciatic) nerve fiber degeneration/inflammation was also observed.
Cyclosporine was associated with similar neurohistopathological findings in the
current studies. These findings were generally observed at ≥2.5 mg/kg/day and
after 13 weeks of treatment. The findings showed reversibility after a 4-week
recovery in some but not all repeat-dose studies. These sponsor considered the
neurohistopathological changes in rats species-specific, as they were not observed
in repeat-dose toxicology studies of mix-ISA247 in dogs or monkeys. However, as
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noted above, neurotoxicity is a known adverse effect of calcineurin inhibitors. The
label and patient medication guide should specify this potential risk.
The increased incidence of thymic medullary atrophy and absence of
germinal centers in the lymph nodes (primarily mesenteric and mandibular) and
spleen were expected findings due to the pharmacology of the drug class.
Specifically, in the 13-week rat bridging study, voclosporin showed thymic
medullary atrophy at ≥2.5 mg/kg/day and germinal center atrophy at ≥10 mg/kg/day
within one month of dosing. These findings were also noted with cyclosporine at
similar doses. Hematology evaluations showed slight decreases in WBC counts,
particularly due to decreased lymphocytes, within 4 weeks of dosing at ≥10
mg/kg/day. The thymic findings showed reversibility after a 4-week recovery period
in some but not all repeat-dose studies. The proposed label includes information
regarding the potential for increased susceptibility to infections and the possible
development of lymphoma and other malignancies, particularly of the skin,
secondary to immunosuppression.
In the 26-week repeat dose toxicity study in rats, the lung was identified as a
potential target with chronic treatment. Acute inflammation in the lungs and/or lung
alveolar macrophages was observed at Week 18 and with higher incidence at
Week 26 at 10 mg/kg/day mix-ISA247 and cyclosporine. Accumulation of foamy
macrophages was also observed in the 13-week voclosporin/prednisone
combination study in rats treated with voclosporin at ≥10 mg/kg/day. These findings
were reversible after a 4-week recovery period. In a safety pharmacology study in
rats, voclosporin slightly decreased respiration rates at single oral doses of 2.5-25
mg/kg. At 2.5 mg/kg, the Cmax (82.5 ng/mL) was 0.7x that estimated for humans at
(b) (4)
0.4 mg/kg BID (120 ng/mL). These low margins support a
possible clinical risk. However, the clinical relevance of these finding is not clear as
the lung microscopic findings were also observed with cyclosporine and to the
reviewer’s knowledge, lung toxicity is not a main toxic manifestation of cyclosporine
(except for predisposition for pulmonary opportunistic infections).
In rats, soft stools, indicating a potential effect on the GI tract, were observed
at 25 mg/kg/day voclosporin and mix-ISA247, and ≥10 mg/kg/day cyclosporine with
partial recovery after a 4-week recovery period. Changes in RBC parameters (e.g.,
decreased MCH, MCV, platelet counts, increased RBC, changes in reticulocytes
pools) and clinical chemistry changes suggestive of liver damage or cholestasis
(e.g., increase total bilirubin, cholesterol, AST, ALT, γ-GT, ALP; decreased total
protein, and albumin among others) were observed at 10 and/or 25 mg/kg/day.
These changes were observed with cyclosporine at similar doses, supporting a
class effect (see additional comments below on liver damage and cholestasis).
Some clinical chemistry changes were still observed after a 4-week recovery
period.
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In the 13-week repeat-dose oral voclosporin bridging study in rats all 4 test
articles (mix-ISA247, cis-ISA247, voclosporin, and cyclosporine) showed similar
target tissue profiles. However, voclosporin produced slightly higher incidences
and/or severity of adverse effects than administration of either mix-ISA247 or cis
ISA247. These differences were consistent with differences in bioavailability, as
voclosporin demonstrated greater systemic exposure than cis-ISA247 or mix
ISA247. Voclosporin also tended to show similar incidence and/or severity of
adverse findings compared to cyclosporine. Given that the exposure to
cyclosporine was greater than voclosporin, the data suggest that voclosporin was
more toxic.
In the 13-week repeat-dose oral voclosporin bridging study in rats, effects
were also noted in the prostate (decrease weight, minimal-slight atrophy) and
seminal vesicles (minimal atrophy) at 25 mg/kg/day mix-ISA247, voclosporin, and
cyclosporine treated groups at the Week 4 necropsy. The prostate atrophy was still
observed with high incidence at Week 13 in the voclosporin (min-slight) and
cyclosporine (slight-moderate) high dose groups. The incidence of seminal vesicle
atrophy (min-slight) was lower in all groups at Week 13 compared to Week 4; a fact
that questions the toxicological relevance of the finding. Decreased prostate weight
was observed in the 26-week repeat-dose study in rats treated with 10 mg/kg/day
mix-ISA247 or cyclosporine, and in the 13-week voclosporin/prednisone
combination study without a microscopic correlate at voclosporin doses ≥10
mg/kg/day. Rabbits administered 15 mg/kg/day mix-ISA247 IV for 7 days and SC
for the remaining 23 days showed decreased spermatogenesis (testes). It has been
reported in the published literature that cyclosporine causes testicular and
spermatozoal toxicity in experimental animals. In contrast, no effects were
observed on male fertility in the reproductive toxicology studies with mix-ISA247 in
rats. Regarless, adverse effects on male rat reproductive organs are not a new
finding for cyclosporine. A few literature reports in humans claim no effects of
cyclosporine on male fertility.
A 13-week oral formulation study in rats did not indicate any significant
toxicity differences between voclosporin in the standard formulation, used in the
pivotal toxicity studies with mix-ISA247 and voclosporin, or a non-vitamin E
formulation at doses similar to those used in previous studies (2.5-25 mg/kg/day).
The findings were consistent to those observed in previous rat studies except that
dental dysplasia of the incisor teeth (all doses) and gingival hyperplasia (≥10
mg/kg/day) were identified as additional findings with both formulations. Dental
dysplasia occurs spontaneously in rodents but it was observed in a doseresponsive manner for both formulations making it difficult to rule out a test articlerelated effect. No test article-related adverse findings were observed in the liver
with either formulation. Therefore, the study supports the contention that the lack of
adverse findings in the liver was not due to the vitamin E component of the vehicle
masking any hepatic toxicity of mix-ISA247 or voclosporin.
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In a 13-week combination toxicity study with voclosporin and prednisone in
rats, there were no new toxic effects that occurred when voclosporin and
prednisone were administered in combination compared to administration of each
test article separately. However, effects on the bone marrow (medullary
hyperostosis and myeloid hypercellularity) were new findings noted in this study
considered related to treatment with voclosporin.
In the 39-week chronic monkey study administered mix-ISA247, fecal
changes (all doses including vehicle controls), swelling of the gums (≥75
mg/kg/day), lymphosarcomas causing one death (150 mg/kg/day), and splenic
lymphoid hyperplasia (≥75 mg/kg/day) were the main toxicological findings. In this
study, calcineurin inhibition (59-86%) data confirmed that the mid and high dose
monkeys were highly immunosuppressed. As noted by the sponsor, literature
reports have shown that development of lymphosarcomas in nonhuman primates is
markedly increased with immunosuppressive therapy. Therefore, the increased
incidence of lymphoma is considered to be a class effect of immunosuppressive
agents (cyclosporine and tacrolimus product information feature this observation).
As noted above, the label cautions on the possibility for the development of
lymphoma. Likewise, findings of splenic hyperplasia and gingival hyperplasia
observed at the 75 and 150 mg/kg/day dose levels are known effects of this drug
class. In the 13-week repeat dose study, other findings consistent with the
pharmacology of the drug class were observed including absence of germinal
centers in the mesenteric lymph nodes and spleen and thymic medullary atrophy at
≥25 mg/kg/day. This study also showed higher severity (more liquid feces) of the
fecal changes at 150/300 mg/kg/day, indicating a test article related effect. The
NOAEL was 25 mg/kg/day in the 39-week study, whereas a NOAEL was not
observed in the 13-week study at similar doses.
In the dog, the main findings were limited to mild adverse gastrointestinal
effects (namely diarrhea and emesis), swelling of the gums (which correlated
microscopically with the finding of gingival hyperplasia), and absence of germinal
centers in the spleen and thymic atrophy at 10 mg/kg/day and/or 35 mg/kg/day. All
these findings were reversible. The NOEL/NOAEL for oral administration of mix
ISA247 was considered to be 2.5 mg/kg/day. No ocular, renal, or neurological
effects were noted. The sponsor considered the dog was not an adequate species
for nonclinical toxicity evaluation due to the emetic effect.
In the mice 13-week repeat dose study, thymic atrophy was noted at
voclosporin doses ≥30 mg/kg/day, whereas lymph nodes depletion/hyperplasia,
liver vacuolation, heart basophilic mineralization, decreased number of corpora
lutea, and mortalities were noted at 125 mg/kg/day. As noted above, the mortalities
were associated with lymphoid depletion/necrosis in various tissues, substantial
inflammation/infection, and/or intestinal hemorrhage. The NOAEL was 5 mg/kg/day.
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Hepatotoxicity, including cholestasis, is a rare but significant complication of
treatment with calcineurin inhibitors. As mentioned above, indications for a potential
for liver damage and cholestasis by voclosporin or mix-ISA247 were observed in
findings such as increased transaminases, increased ALP, increased bilirubin,
increased γ-GT, and decreased protein levels in rats at doses ≥ 10 mg/kg/day.
Cyclosporine showed similar effects. In mice, elevations of cholesterol (females)
and ALP (males) were observed at 125 mg/kg/day voclosporin. Histopathology
findings were limited to liver vacuolization observed in rats with some indication of a
potential relationship to treatment at 4 months but not at later time points. Similarly
in mice, liver vacuolization was observed with higher incidence/severity in females
at 125 mg/kg/day. The lack of a similar finding in males may be related to a higher
(2.4x) systemic exposure in females compared to males. It is recommended to add
the potential risk for liver damage in the proposed label and patient medication
guide.
There was no evidence for genotoxic potential of voclosporin/mix-ISA247 in
the standard battery of studies. Daily oral gavage of voclosporin for at least 96
weeks to rats did not produce evidence of carcinogenicity, although a higher
incidence of benign granular cell tumor of the cervix was observed in females. The
finding was not considered related to the test article, but appeared related to the
vehicle. To the reviewer knowledge, none of the components of the vehicle have
been associated with a carcinogenic effect except for ethanol. However, at the
intended clinical daily intake (43 mg), it is not expected that ethanol will be
carcinogenic. In addition, to the reviewer’s knowledge, ethanol consumption has
not been associated with cervical cancer. Daily oral gavage of voclosporin for 60 to
89 weeks to mice was associated with higher incidences of malignant lymphoma at
30 mg/kg/day, resulting in increased mortality rates. As noted previously, the
potential for development of lymphoma and other malignancies is acknowledged in
the proposed label. Several changes are recommended in the Carcinogenicity
Section of the proposed label (Section 1.1.3 in the current review).
Studies of fertility, embryonic development and peri/post natal reproductive
toxicity were conducted with mix-ISA247. No effect on male or female fertility was
noted in rats at doses ≤ 25 mg/kg/day. Mix-ISA247 caused a decrease in litter size
and viable pups and an increase in resorptions (both early and late) at 25
mg/kg/day in the embryo/fetal development study in rats (NOAEL = 10 mg/kg/day).
In addition, delayed ossifications and decreased fetal weights were marginally
noted at 25 mg/kg/day. Similar findings were observed in rabbits at a dose of 20
mg/kg/day with decreased fetal weights at ≥ 10 mg/kg/day and delated ossifications
at 20 mg/kg/day. The developmental NOAEL was 2 mg/kg/day. There was no
teratogenic effect in any species. There were no test article-related adverse effects
in the F1 or F2 generation in rats (NOEL > 25 mg/kg/day).
Trans-ISA247 (voclosporin) was also tested for embryo/fetal toxicity in rats,
with the maternal and fetal NOAEL being 1 mg/kg/day. Voclosporin behaved
similarly to mix-ISA247, causing resorptions, decreased litter size, and decreased
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fetal body weights at 5 and 20 mg/kg/day. Delayed bone ossification was seen in
fetuses in the 5 and 20 mg/kg/day groups. In the mice 13-week repeat dose study,
decreased number of corpora lutea was noted at 125 mg/kg/day. This effect was
not observed in the reproductive toxicity studies. It is not clear if this is a species
specific effect or if it is related to dose and/or duration of treatment.
In the prenatal and postnatal development studies with mix-ISA247,
prolonged (incomplete) parturition was observed at 25 mg/kg/day. Mean number of
total pups delivered, surviving pups per litter, and the number of liveborn pups were
significantly reduced at 25 mg/kg/day. The NOAEL was 10 mg/kg/day. There were
no test article effects seen in the F1 or F2 generation (NOEL > 25 mg/kg/day).
(b) (4)

A placental and milk transfer study with 14C-voclosporin in rats indicated that
transfer of radioactivity across the placental barrier was slow (≤0.007% dose in the
fetal tissues and ≤0.010% dose in pooled whole blood) and limited [0.019% at 8 hrs
(Tmax) post-dose]. Transfer of dose-related material into the milk was relatively rapid
(within 1 hr), but systemic absorption by the pups was slow and limited (≤0.336%
dose). The proposed label specifies these findings in rats and has adequate
precautions for the use of voclosporin during pregnancy and acknowledges the
potential for excretion in human breast milk.
The margins of exposure at the NOAEL doses in the pivotal studies from all
4 species (rats. monkeys, dogs, and mice) relative to the estimated exposure at the
(b) (4)
0.4 mg/kg BID are presented in Table 71. The
estimated therapeutic exposure is based on results from drug interaction trials in
(b) (4)
healthy volunteers who received voclosporin by the dosing regimen
The sponsor considered the rat and monkey were the most relevant
species for toxicological evaluation of mix-ISA247 and voclosporin. The reviewer
agrees based on the higher systemic exposure (and consequently, higher
sensitivity) observed in the rat and the more similar metabolic profile of the monkey
compared to humans. The reviewer agrees the emetic effect in the dog would lead
to drug exposure inconsistencies and problems with data interpretation.
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(b) (4)

Exposure margins have been updated in the

Table 71: Margins of Exposure Unireview of NDA 213716
Species
Rat
13-week
bridging
study
(ISA03-03)

Monkey
39-Week
study
(ISA02-01)

13-Week
study
(ISA-01
05)
Dog
13-Week
study
(ISA-01
01)

Mice
13-Week
study
(ISA-05
17)

Dose
observed
(mg/kg/day)

Main Toxicities
Kidney (tubular basophilia,
degeneration/regeneration, and
dilatation; corticomedullary
mineralization; clinical chemistry;
urinalysis)
Nervous System (gliosis,
infiltration, nerve degeneration)
Thymus (medullary atrophy)
Lymph nodes (absence of germinal
centers)
Eyes (cataracts)
Liver (clinical chem.)
Hematology (RBC parameters,
WBC)
Mortalities
Feces (loose, liquid, pale, etc.)

Diarrhea

2.5

10
2.5
2.5
10
10
10
10
25

≥75
75
150
150
≥25

≤25

≥25
≥25
2.5

35
10
35
10

Thymus (atrophy)
Lymph nodes
(depletion/hyperplasia)
Heart (mineralization)
Liver (vacuolization)
Ovaries ( decreased corpora lutea)
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25

35

Emesis
Gingival hyperplasia
Spleen (absence of germinal
centers)
Thymus (atrophy)

AUC0-24 hr
(ng•hr/mL)

Safety
Margin
(AUC*)
(b) (4)

≥25

Gingival hyperplasia
Spleen (lymphoid hyperplasia)
Lymphosarcoma
Mortalities
Lymph nodes (absence of germinal
centers)
Spleen (absence of germinal
centers)
Thymus atrophy

NOAEL
(mg/kg)

30
125
125
125
125

5

(b) (4)
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Mortalities

(b) (4)

125

2-yr
carcino
Lymphomas
30
10
genicity
study
*AUC in human: Estimated mean steady state AUC0-12 hr of 444 ng•hr/mL at 0.4 mg/kg Q12H.
Except for Study ISA03-03 in rats, all studies were conducted with mix-ISA247.

At the NOAEL dose in the pivotal 13-week bridging study in rats (2.5
(b) (4)
mg/kg/day), exposure (AUC0-24hr) of voclosporin is
x greater than the estimated
(b) (4)
therapeutic voclosporin blood concentration
Similarly, at the
NOAEL dose in the 39-week monkey study with mix-ISA247 (25 mg/kg/day),
(b) (4)
exposure (AUC0-24hr) is
x greater than the estimated therapeutic voclosporin
concentration. Therefore, the safety margins are lower than the optimal 10x.
However, the toxicological profile of voclosporin was similar to that of cyclosporine
and the findings observed were either expected due to the pharmacological action
of the drug (e.g., thymic medullary atrophy, absence of germinal centers,
lymphomas) and/or to the known class specific adverse effects (e.g., renal toxicity,
neurotoxicity, gingival hyperplasia, liver toxicity). In some, but not all studies,
additional targets identified included the bone marrow (medullary hyperostosis and
myeloid hypercellularity), lungs (inflammation/macrophages), prostate (atrophy;
decreased weights), and teeth (dental dysplasia) in rats; the heart (basophilic
mineralization) and ovaries (decreased number of corpora lutea) in mice; and the
testes (decreased spermatogenesis) in rabbits. The clinical relevance of these
findings is not clear as they were not observed consistently in other studies using
similar dosing regimens (rats) and/or were only observed in one species.
(b) (4)

On the other hand, the main toxicities observed with voclosporin are well
established effects of the drug class. There is substantial clinical experience from
the use of cyclosporine and other calcineurin inhibitors to allow for the proper
monitoring of adverse findings and strategies to minimize risk (e.g., frequent dose
adjustments). Reversibility of the nonclinical findings after treatment with
voclosporin or cyclosporine was noted in some but not all studies. Information in
the label for approved cyclosporine products (e.g. Neoral®, Sandimmune®)
indicates that laboratory abnormalities are usually reversible upon dose reduction
or discontinuation of dosing. In the clinical experience with voclosporin, the
decreased renal function reversed upon cessation of dosing.
The proposed label contains recommendations to monitor for hypertension
and renal function, and warns about effects secondary to immunosuppression
(increased infections, lymphomas, skin cancer). The nonclinical data showed
neurotoxicity (gliosis, nerve fiber degeneration, perivascular infiltrates) and a
potential for hepatotoxicity/cholestasis (based primarily on clinical chemistry
findings). Hepatoxicity and neurotoxicity are recognized adverse effects of
calcineurin inhibitors. Therefore, it is recommended to add repeated laboratory test
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for liver function (e.g., serum bilirubin, ALP, and liver enzymes) and awareness for
signs that may suggest neurotoxicity (tremors, convulsions, headache, etc.) in the
label. The risk for hepatotoxicity and neurotoxicity, including the potential for gum
hyperplasia, should also be included in the patient medication guide. The liver
function recommendations are consistent with those in the labels for Neoral® and
Sandimmune®. In the case of Neoral® in the treatment of psoriasis patients,
recommedations are given to monitor for CBC, uric acid, potassium, lipids, and
magnesium. As similar effects were observed in the nonclinical studies presented
in the NDA, monitoring for these parameters is also recommended.
In summary, from the nonclinical point of view there is a concern to approve
the use of voclosporin for the proposed indication given the potent
immunosuppressive action with a number of potentially serious side effects (e.g.,
nephrotoxicity, neurotoxicity, hepatotoxicity, malignancies, hypertension, etc).
However, there is no objection for the approval of this NDA provided that the label
and patient medication guide strongly caution about the number of potential serious
side effects and the medical officer is in agreement that the monitoring strategy
proposed will ensure the patient safety.
12
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Appendix A: Metabolite Structures
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(b) (4)

Appendix B: Review IND

(b) (4)

Sequence Number 136

(b) (4)

(b) (4)
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(b) (4)

(b) (4)

(b) (4)

(b) (4)

184
Reference ID: 4737856

(b) (4)

Reviewer: María I. Rivera
Theresa Allio: Genetic and Reproductive Toxicity

(b) (4)

(b) (4)
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(b) (4)

(b) (4)
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(b) (4)

(b) (4)
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