N

N

Lumasiran for Advanced Primary Hyperoxaluria Type 1:
Phase 3 ILLUMINATE-C Trial
M. Michael, J. W. Groothoff, H. Shasha-Lavsky, J. C. Lieske, Y. Frishberg, E.
Simkova, A. L. Sellier-Leclerc, A. Devresse, F. Guebre-Egziabher, S. A.
Bakkaloglu, et al.

» To cite this version:

M. Michael, J. W. Groothoff, H. Shasha-Lavsky, J. C. Lieske, Y. Frishberg, et al.. Lumasiran for
Advanced Primary Hyperoxaluria Type 1: Phase 3 ILLUMINATE-C Trial. American Journal of
Kidney Diseases, 2022, S0272-6386 (22), pp.00771-5. 10.1053/j.ajkd.2022.05.012 . inserm-03831070

HAL Id: inserm-03831070
https://inserm.hal.science/inserm-03831070
Submitted on 26 Oct 2022

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://inserm.hal.science/inserm-03831070
https://hal.archives-ouvertes.fr

Original Investigation

AJKD

Lumasiran for Advanced Primary Hyperoxaluria Type 1:

Phase 3 ILLUMINATE-C Trial

Mini Michael, Jaap W. Groothoff, Hadas Shasha-Lavsky, John C. Lieske, Yaacov Frishberg, Eva Simkova,
Anne-Laure Sellier-Leclerc, Arnaud Devresse, Fitsum Guebre-Egziabher, Sevcan A. Bakkaloglu, Chebl Mourani,
Rola Sagan, Richard Singer, Richard Willey, Bahru Habtemariam, John M. Gansner, Ishir Bhan, Tracy McGregor,

and Daniella Magen

Rationale & Objective: Lumasiran reduces uri-
nary and plasma oxalate (POx) in patients with
primary hyperoxaluria type 1 (PH1) and relatively
preserved kidney function. ILLUMINATE-C
evaluates the efficacy, safety, pharmacokinetics,
and pharmacodynamics of lumasiran in patients
with PH1 and advanced kidney disease.

Study Design: Phase 3, open-label, single-arm
trial.

Setting & Participants: Multinational study;
enrolled patients with PH1 of all ages, estimated
glomerular filtration rate <45 mL/min/1.73 m? (if
age 212 months) or increased serum creatinine
level (if age <12 months), and POx 220 pymol/L at
screening, including patients with or without
systemic oxalosis.

Intervention: Lumasiran administered subcuta-
neously; 3 monthly doses followed by monthly or
quarterly weight-based dosing.

Outcome: Primary end point: percent change in
POx from baseline to month 6 (cohort A; not
receiving hemodialysis at enroliment) and percent
change in predialysis POx from baseline to month
6 (cohort B; receiving hemodialysis at enroll-
ment). Pharmacodynamic secondary end points:
percent change in POx area under the curve
between dialysis sessions (cohort B only); abso-
lute change in POx; percent and absolute change
in spot urinary oxalate-creatinine ratio; and 24-

hour urinary oxalate adjusted for body surface
area.

Results: All patients (N = 21; 43% female; 76%
White) completed the 6-month primary analysis
period. Median age at consent was 8 (range, O-
59) years. For the primary end point, least-
squares mean reductions in POx were 33.3%
(95% ClI, =15.2% to 81.8%) in cohort A (n = 6)
and 42.4% (95% Cl, 34.2%-50.7%) in cohort B
(n = 15). Improvements were also observed in
all pharmacodynamic secondary end points.
Most adverse events were mild or moderate. No
patient discontinued treatment or withdrew from
the study. The most commonly reported
lumasiran-related adverse events were injection-
site reactions, all of which were mild and
transient.

Limitations: Single-arm study without placebo
control.

Conclusions: Lumasiran resulted in substantial
reductions in POx with acceptable safety in pa-
tients with PH1 who have advanced kidney dis-
ease, supporting its efficacy and safety in this
patient population.

Funding: Alnylam Pharmaceuticals.

Trial Registration: Registered at Clinical-
Trials.gov with study number NCT04152200 and
at EudraCT with study number 2019-001346-17.
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Primary hyperoxaluria type 1 (PHI) is a rare, pro-
gressive, autosomal recessive genetic disease charac-
terized by excessive hepatic oxalate production.'” PH1 is
caused by mutations in the AGXT gene, which encodes the
liver peroxisomal enzyme alanine-glyoxylate aminotrans-
ferase.”” When alanine-glyoxylate aminotransferase is
deficient, glyoxylate is oxidized to oxalate, which is mainly
excreted by the kidneys. Oxalate, in the form of its calcium
salt, is insoluble and can readily crystallize in the renal
parenchyrna and urinary tract. In PH1, excess urinary ox-
alate (UOx) results in recurrent kidney stones, progressive
kidney disease, and, ultimately, kidney failure (Fig S1).'*
As kidney function declines, elimination of oxalate via the
kidneys is reduced, such that plasma levels of oxalate in-
crease and exceed saturation. Calcium oxalate can then
accumulate in bone, heart, retina, skin, vasculature, the
nervous system, and other tissues, resulting in multiple-
organ damage. This devastating phenomenon, systemic
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oxalosis, typically arises when the estimated glomerular
filtration rate (eGFR) has decreased to <30 to 45 mL/min/
1.73 m*."’

Patients with PH1 often exhibit signs and symptoms
such as urolithiasis and/or nephrocalcinosis at a young
age.”” Without treatment, PH1 often progresses inexo-
rably, and death from kidney failure and/or complications
of systemic oxalosis can occur.'””” Historically, approxi-
mately 40% of patients with PH1 have shown progression
to kidney failure at the time of diagnosis.”” Patients pro-
gressing to or presenting with kidney failure require
invasive approaches such as dialysis and liver transplant or
combined liver and kidney transplant. Unlike other forms
of chronic kidney disease in which dialysis is generally
initiated when eGFR decreases to <15 mL/min/1.73 m?,
in patients with PH1, dialysis is indicated when plasma
oxalate (POx) levels increase to the point at which su-
persaturation of calcium oxalate in the blood is thought to
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PLAIN-LANGUAGE SUMMARY

Primary hyperoxaluria type 1 (PHI) is a rare genetic
disease characterized by excessive hepatic oxalate pro-
duction that frequently causes kidney failure. Lumasiran
is an RNA interference therapeutic that is administered
subcutaneously for the treatment of PH1. Lumasiran has
been shown to reduce oxalate levels in the urine and
plasma of patients with PHI who have relatively pre-
served kidney function. In the ILLUMINATE-C study,
the efficacy and safety of lumasiran were evaluated in
patients with PHI and advanced kidney disease,
including a cohort of patients undergoing hemodialysis.
During the 6-month primary analysis period, lumasiran
resulted in substantial reductions in plasma oxalate with
acceptable safety in patients with PH1 complicated by
advanced kidney disease.

occur, leading to systemic oxalosis.” Dialysis regimens for
PHI are typically more frequent (as often as 6 times per
week) than standard dialysis (3 times per week) and can
impact patient quality of life.""* ' Even intensive dialysis is
often inadequate to effectively clear accumulating oxalate.”
Although ~ 60% to 80% of POx can be removed following
a hemodialysis session,'' POx rebounds to 80% of the
predialysis load within 24 hours because endogenous
oxalate production from the liver persists and solubilized
calcium oxalate from systemic stores (eg, bone turnover)
enters the plasma. As a result, systemic oxalosis with end-
organ damage may still develop in patients undergoing
intensive dialysis.*'”

Lumasiran is a subcutaneously administered, liver-
directed RNA interference therapeutic approved by the
US Food and Drug Administration for the treatment of PH1
to reduce UOx levels in pediatric and adult patients'® and
by the European Commission for the treatment of PH1 in
all age groups. ' It targets and promotes degradation of the
messenger RNA encoding glycolate oxidase, an enzyme
upstream of alanine-glyoxylate aminotransferase. By
blocking the production of glycolate oxidase, lumasiran
reduces levels of glyoxylate, the substrate for oxalate syn-
thesis, and consequently decreases hepatic oxalate pro-
duction.'” "”

Current evidence supports the use of UOx and POx
measurements as surrogate end points for clinical trials in
patients with primary hyperoxaluria.'®'” POx level is a
useful predictor of the risk of kidney failure and systemic
oxalosis in patients with an eGFR <45 mL/min/1.73 m”
and is considered a more appropriate end point to predict
clinical benefit of treatment for patients with chronic
kidney disease stages 3b-5.'"'*

In the phase 3 ILLUMINATE-A (ClinicalTrials.gov

identifier, NCT03681184; FEudraCT identifier, 2018-
001981-40) and ILLUMINATE-B (ClinicalTrials.gov
identifier, NCT03905694; EudraCT identifier, 2018-

004014-17) studies, lumasiran resulted in substantial re-
ductions in UOx and POx levels, with an acceptable safety
profile in patients with PH1 whose kidney function was
relatively preserved.'”*"

Here, we report results from the 6-month primary
analysis period of ILLUMINATE-C, a phase 3 study
designed to evaluate the efficacy, as measured by changes
in POx levels, and safety of lumasiran in patients of all ages
with PH1 with advanced kidney disease.

Methods

Study Design and Patients

ILLUMINATE-C (ClinicalTrials.gov identifier, NCT04152200;
EudraCT identifier, 2019-001346-17) is a multicenter,
multinational, single-arm, phase 3 study of lumasiran in
patients with PH1 and advanced kidney disease consist-
ing of a 6-month primary analysis period followed by a
long-term (54 months) extension period (Fig S2).
Cohort A included patients who were not receiving
hemodialysis at study enrollment. Cohort B included
patients who were receiving hemodialysis at study
enrollment; elective changes to the hemodialysis
regimen (changes in dialysis frequency or duration, filter
size or type, and blood flow) were not permitted during
the screening and 6-month primary analysis except when
medically necessary.

Eligibility Criteria
Patients of all ages with a genetically confirmed diagnosis
of PH1 were eligible. Other requirements at screening
included POx 220 umol/L (upper limit of normal, 12.11
pmol/L) and eGFR <45 mL/min/1.73 m?” if at least 12
months of age or increased serum creatinine level if
younger than 12 months. Patients receiving pyridoxine
therapy were required to have been receiving a stable
regimen for at least 90 days before providing informed
consent and to continue to receive this regimen through
the month-6 visit. Dose adjustments for interval weight
gain were permitted. Patients undergoing hemodialysis
(cohort B) were required to have been receiving a stable
hemodialysis regimen for at least 4 weeks before the
screening POx assessment and to maintain this regimen
through the month-6 visit. Patients who were receiving
peritoneal dialysis alone or combined hemodialysis/peri-
toneal dialysis therapy were excluded from the study
because of the nonstandardized nature of peritoneal dial-
ysis and changes in the kinetic properties of the peritoneal
membrane over time.”' Dialysis regimen modifications
were permitted when medically necessary according to
investigator judgment in consultation with the patient’s
treating physician. The full eligibility criteria are provided
in the protocol (Supplementary File 2).

Lumasiran was administered subcutaneously using
weight-based dosing (Fig S3; Table S1). Although luma-
siran is not expected to be dialyzable because of its large
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molecular weight, in patients receiving dialysis, lumasiran
was administered no later than 120 minutes after dialysis.
The study was approved by institutional review boards
or ethics committees at the participating study sites and
is being conducted in accordance with Good Clinical
Practice guidelines and the provisions of the Declaration
of Helsinki. All patients or their legal guardians provided
informed consent/assent per local and national re-
quirements. An independent data monitoring committee
oversaw the safety and overall conduct of this study. Data
were collected by study investigators and analyzed by the
study sponsor.

End Points

Primary end points were percent change in POx from
baseline to month 6 (cohort A) and percent change in
predialysis POx from baseline to month 6 (cohort B). POx
measurements were collected monthly from baseline to
month 6. The primary end point and pharmacodynamic
secondary end points at month 6 were the average of
measurements from month 3 through month 6. Pharma-
codynamic secondary end points for the primary analysis
period included percent change in POx area under the
curve (AUC) between dialysis sessions (cohort B only),
absolute change in POx, percent and absolute change in
spot urinary oxalate-creatinine ratio, and 24-hour UOx
adjusted for body surface area. Pharmacodynamic end
points were collected monthly from baseline to month 6.
Plasma pharmacokinetic (PK) parameters of lumasiran
were also evaluated and collected at day 1 and month 6.
Select exploratory end points included change in urinary
and plasma glycolate, frequency of antidrug antibodies,
and change in cardiac measures of systemic oxalosis. The
full list of secondary and exploratory end points is pro-
vided in the protocol (Supplementary File 2). Safety as-
sessments included monitoring of adverse events (AEs) and
laboratory parameters. Change in medullary nephrocalci-
nosis grade, change in kidney stone event rates, and
change in eGFR (cohort A) are secondary end points in the
long-term extension period.

Total oxalate, glycolate, and PK assessments were
evaluated at a central laboratory by validated liquid chro-
matography—tandem mass spectrometry assays, which
were developed by Alnylam to meet regulatory re-
quirements and have not yet been published. Neph-
rocalcinosis was assessed, and kidney stone events were
defined as previously described.”” eGFR was calculated
from serum creatinine based on the Modification of Diet in
Renal Disease (MDRD) Study equation for patients aged at
least 18 years and the Schwartz bedside formula®” for
patients aged 1 to less than 18 years. Cardiac systemic
oxalosis was assessed by echocardiograms during
screening and at month 6; echocardiograms were centrally
read. The numbers of patients with abnormal left ven-
tricular ejection fraction (LVEF; <55%), global longitudi-
nal strain (GLS; <15%), or early transmitral diastolic
inflow divided by early diastolic mitral annular velocity
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(E/€/; >15) at baseline who showed an improvement
of 25% in LVEF, 2% in GLS, and/or 22% in E/¢/,
respectively, as well as the actual measurements and
changes from baseline values for LVEF, GLS, or E/ ¢’ at each
scheduled postbaseline visit, were summarized.

Antidrug Antibodies

Antidrug antibodies (immunoglobulins G, M) against
lumasiran were evaluated in plasma at baseline and months
1, 3, and 6 using a validated enzyme-linked immunoassay.

Statistical Analyses

A planned sample size of 20 patients, including at least
6 patients in each cohort, at least 4 patients younger than
6 years at consent, and at least 2 patients at least 6 and
younger than 18 years at consent, was determined based on
feasibility considerations. The safety population included all
patients who received lumasiran. The efficacy population
(full analysis set) included all patients who received any
amount of lumasiran and had at least 1 valid POx value at
baseline and at the month-3 through month-6 assessments.
The PK population included all patients who received any
amount of lumasiran and had at least 1 evaluable postdose
blood sample for PK parameters and evaluable PK data.

The primary analysis of percent change from baseline in
POx (cohort A) and predialysis POx (cohort B) was per-
formed using a restricted maximum likelihood—based
mixed-effect model repeated-measures approach and
included scheduled visits and baseline POx as fixed effects
and patient as a random factor; autoregressive(1) was used
to model the within-patient variability. The primary esti-
mate is the least-squares mean of the percent change in
POx from baseline to month 3 through month 6 averaged
over these time points.

Subgroup analyses by age and by weight-based dosing
groups were performed to further understand treatment
effect. For patients in cohort B, a secondary end point of
percent change from baseline in POx area under the curve
from 0 to 24 hours (AUC,_,,;,) was evaluated at month 6.
Analyses of secondary end points of absolute change in
POx, percent and absolute change in spot urinary oxalate-
creatinine ratio, and 24-hour UOx were also performed
using the mixed-effect model repeated-measures
approach. Full details of the analyses are provided in the
Statistical Analysis Plan (Supplementary File 3). Statistical
analyses were performed using Statistical Analysis Software
(SAS Institute) version 9.4 or later.

Results

Patient Disposition

From March through December 2020, 21 patients across
13 sites in 10 countries were enrolled in the study (Fig
S4). There were 6 patients in cohort A and 15 patients
in cohort B. All patients completed the 6-month primary
analysis period. Baseline characteristics were generally
balanced between cohorts and are presented in Table 1. All
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Table 1. Baseline Demographic and Clinical Characteristics of the Patients

Characteristic

Cohort A (n = 6)

Cohort B (n = 15) All Treated (N = 21)

Age at consent, y 9.0 (0-40)
Time from diagnosis to first dose, mo 72.2 (4-350)
Female sex 3 (50%)
Race

White 4 (67%)

Asian 1 (17%)

Other 1 (17%)
Geographic region

Europe 0

North America 1 (17%)

Israel 1 (17%)

United Arab Emirates 0

Other? 4 (67%)
Genotype®

PR/* 0

M/M or M/N 5 (83%)

N/N 1 (17%)
Pyridoxine use 4 (67%)

Plasma oxalate®, pmol/L

Spot urinary oxalate-creatinine ratio?
Patients with measurement 6
Value, mmol/mmol

24-h urinary oxalate excretion®

Patients with measurement 5

Value, mmol/d/1.73 m? 2.01 (0.56-2.47)
eGFR'

Patients with measurement 5

Value, mL/min/1.73 m?
Dialysis sessions per week

16.5 (8.6-34.1)
NA

57.9 (22.7-134.0)

0.332 (0.075-1.380)

6.0 (1-59) 8.0 (0-59)
16.6 (6-440) 21.6 (4-440)
6 (40%) 9 (43%)
12 (80%) 16 (76%)
3 (20%) 4 (19%)
0 1 (5%)

8 (53%) 8 (38%)
2 (13%) 3 (14%)

2 (13%) 3 (14%)
3 (20%) 3 (14%)
0 4 (19%)

5 (33%) 5 (24%)
7 (47%) 12 (57%)
3 (20%) 4 (19%)
7 (47%) 11 (52%)

103.7 (56.3-167.0) 100.9 (22.7-167.0)

2 8
0.535 (0.451-0.618) 0.391 (0.075-1.380)

1 6

1.28 (1.28-1.28) 1.64 (0.56-2.47)
NA

- 5

- 16.5 (8.6-34.1)
6 (3-7) NA

Values for continuous variables given as median (range). Abbreviations: eGFR, estimated glomerular filtration rate; NA, not applicable.

®Australia, Jordan, Lebanon, and Turkey.

PM=missense; N=nonsense; PR=pyridoxine-responsive; *=any genotype of PR, M, or N. Pyridoxine-responsive was defined as NM_000030.3(AGXT):c.508G>A
(p.Gly170Arg) or NM_000030.3(AGXT):c.454T>A (p.Phe152lle). Missense and nonsense were defined based on Mandrile et al.*
°Upper limit of normal = 12.11 umol/L (1.09 mg/mL) as determined based on data from 75 healthy adults.

41 mmol/mmol = 0.796 mg/mg.

*Upper limit of normal = 0.514 mmol/d/1.73 m? for body surface area—adjusted 24-hour urinary oxalate.
feGFR was calculated only in patients aged 212 mo; calculated according to the Modification of Diet in Renal Disease Study equation for those aged 218 y and the

Schwartz bedside formula®” for those aged 1 to <18 y.

21 patients met the criteria for and were included in the
safety analysis set, full analysis set, and PK analysis set.

Efficacy: Primary End Point

POx reduction was observed in both cohorts as early as
month 1. The primary estimate of the least-squares mean
percent reductions in POx from baseline to month 6 were
33.3% (95% CI, —15.2% to 81.8%) for cohort A and
42.4% (95% CI, 34.2%-50.7%) for cohort B (Fig 1;
Table 2). A consistent treatment effect was observed across
all prespecified subgroups in cohort B (Fig S5). In cohort
A, the number of patients in each subgroup was too small
to assess any trends.

Efficacy: Pharmacodynamic Secondary End Points
In cohort B, the least-squares mean percent reduction from
baseline in POx AUC,,_,,;, at month 6 was 41.4% (95% ClI,
31.8%-51.0%; Fig 2; Table 2). The least-squares means of

the absolute reduction in POx from baseline to month 6
were 35.3 (95% CI, 14.2-56.3) umol/L in cohort A and
48.3 (95% CI, 40.8-55.9) pmol/L in cohort B (Fig 1;
Table 2). All measures of UOx showed concordant find-
ings, an observation consistent with reduced UOx in
cohort A (Figs S6 and S7; Table 2).

The PK profiles for lumasiran were similar across co-
horts A and B, and lumasiran was rapidly eliminated from
the systemic circulation, consistent with previous reports”’
(Table S2).

Exploratory End Points

Across cohorts A and B, plasma glycolate levels initially
increased and then plateaued, consistent with a reduction
in hepatic glycolate oxidase activity mediated by lumasiran
(Fig S8). An approximate doubling of plasma glycolate
levels relative to baseline was observed. There were
no treatment-emergent antidrug antibodies observed.
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Figure 1. Plasma oxalate: mean (standard error of the mean) percent change from baseline at each visit (A) and actual values at
each visit (B). Baseline value was the mean of the last 4 plasma oxalate level values collected before the first dose of lumasiran (pre-
dialysis in cohort B). The upper limit of normal is 12.11 umol/L for plasma oxalate, as determined based on data from 75 healthy

adults. Abbreviations: BL, baseline; M, month.

Changes in cardiac measures of systemic oxalosis are
detailed in Table S3. In cohort A, 1 patient had abnormal
LVEF at baseline and exhibited improvement at month 6.
In cohort B, 4 patients had abnormal LVEF at baseline; 2 of
4 patients showed improvements at month 6, whereas the
other 2 did not. In cohort A, 1 patient had abnormal GLS at
baseline and showed improvement at month 6. In cohort
B, 3 patients had abnormal GLS at baseline, and all 3
showed improvement at month 6. There were no E/¢’
abnormalities at baseline (Table S3).

Other Outcomes

Among 6 patients in cohort A with kidney ultrasound
results at baseline and month 6, medullary nephrocalci-
nosis was present at baseline in 5 patients. Of those 5
patients, medullary nephrocalcinosis grade remained stable
in 2 patients, worsened in none, and improved in 3 (2
unilateral improvements and 1 bilateral improvement) at
month 6. Of 11 patients in cohort B with kidney ultra-
sound results at baseline and month 6, medullary
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nephrocalcinosis was present at baseline in 2 patients.
Nephrocalcinosis improved in both patients (1 unilateral
improvement and 1 bilateral improvement). Among the
patients without nephrocalcinosis at baseline (cohort A: 1
patient; cohort B: 9 patients), the cohort A patient had
bilateral worsening, and levels in all 9 cohort B patients
remained stable at month 6 (Table S4).

For cohort A, the rates of kidney stone events per
person-year were 3.20 (95% CI, 1.96-5.22) in the 12-
month period before informed consent and 1.48 (95%
CI, 0.55-3.92) in the primary analysis period. For cohort
B, the rates of kidney stone events per person-year were
0.07 (95% CI, 0.01-0.71) in the 12-month period before
informed consent and 0.00 (95% CI, 0.00-0.53) in the
primary analysis period (Table S4). For cohort A, mean
eGFRs were 19.8 = 9.6 (SD) mL/min/1.73 m” at baseline
and 16.4 + 9.8 mL/min/1.73 m” at month 6 (Fig S9).

In cohort B, the dialysis regimen was modified in 2
(13%) patients during the primary analysis period (weight
adjustments in 1 patient and transient modifications in
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Table 2. Primary and Pharmacodynamic Secondary End Points

End Point Cohort A (n = 6)
Primary end point

Percent change in plasma oxalate from baseline
to month 62

Secondary end points

Percent change in plasma oxalate AUCq.04n NA
between dialysis sessions from baseline to
month 6°

Absolute change in plasma oxalate® from
baseline to month 6, pmol/L*

Cohort B (n = 15)

-33.3 + 17.6 (-81.8, 15.2) -42.4 + 4.0 (-50.7, —34.2)

-41.4 + 4.4 (-51.0, -31.8)

-35.3 £ 74 (-56.3, -14.2) -48.3 + 3.6 (-55.9, -40.8)

Percent change in spot urinary oxalate- -39.5 + 9.4 (-64.1, -14.9) NA
creatinine ratio from baseline to month 6*

Absolute change in spot urinary oxalate- -0.188 + 0.016 (-0.229, —0.147) NA
creatinine ratio from baseline to month 6,

mmol/mmol?

Percent change in BSA-adjusted 24-hour -10.6 = 6.8 (-32.0, 10.9)° NA
urinary oxalate from baseline to month 6°

Absolute change in BSA-adjusted 24-hour -0.53 £ 0.11 (-0.89, -0.18)° NA

urinary oxalate from baseline to month 6,
mmol/d/1.73 m?

Values given as least-squares mean = SEM (95% ClI). Abbreviations: AUCq.04h, area under the curve from 0 to 24 hours; BSA, body surface area; NA, not applicable; POx,
plasma oxalate; SEM, standard error of the mean.
#Change from baseline to month 6 was calculated as the change across months 3 through 6. The least-squares mean with corresponding SEM and 95% Cl were derived
using the restricted maximum likelihood—-based mixed model for repeated measures model. The model included scheduled visits and baseline POx as fixed effects and
Eatient as a random factor. Autoregressive(1) was used to model the within-patient variability.

Least-squares mean percent change from baseline in POx AUCoq.04n at month 6 and its associated 95% Cl were estimated using the restricted maximum
likelihood—based mixed model for repeated measures approach including data evaluated at months 3 and 6. The model included scheduled visits and baseline POx as

fixed effects and patient as a random factor. Autoregressive(1) was used to model the within-patient variability.
°Upper limit of normal = 12.11 umol/L (1.09 mg/mL), as determined based on data from 75 healthy adults.

41 mmol/mmol = 0.796 mg/mg.
°n = 5.

response to a COVID-19 diagnosis in the other). The
modifications were permitted as medically necessary, so
the patients were not excluded. All patients using pyri-
doxine at baseline continued pyridoxine therapy during
the primary analysis period.

Safety

Of 21 patients, 17 (81%) had at least 1 AE reported during
the 6 months of the primary analysis period (Table 3). The
majority of AEs were mild or moderate in severity. Serious
AEs reported were primarily associated with dialysis pro-
cedural complications and were consistent with the un-
derlying advanced kidney disease in this patient
population. There were no lumasiran-related serious or
severe AEs and no deaths of patients who received luma-
siran. There were no treatment discontinuations or study
withdrawals. The most frequently reported AEs were py-
rexia (29%) and injection-site reactions (24%; Table 3).

The most common AE related to lumasiran was
injection-site reaction (24% of patients [5 of 21]). All
injection-site reactions were mild and transient, and the
most common signs and symptoms included erythema,
discoloration, and hematoma at the injection site. There
were no clinically relevant trends related to lumasiran in
laboratory measures (including hematology, blood
chemistry, and liver function tests), vital signs, physical
examinations, or electrocardiograms.

Discussion

In patients with PH1 and advanced kidney disease,
including those receiving dialysis, POx is directly related to
the pathophysiology of oxalosis.'® Conservative manage-
ment and dialysis are generally unable to maintain neutral
POx balance and halt disease progression, particularly in
patients who do not experience a full response to pyri-
doxine. As described in a recent natural history study of 17
patients with PH1, predialysis POx levels remained greater
than the target despite intensive dialysis, and an increasing
evidence of oxalosis, including cardiac dysfunction,
developed over time.'” A reduction in hepatic oxalate
production, as measured by POx, is expected to reduce the
need for dialysis, ameliorate or prevent the development of
systemic oxalosis through induction of a negative oxalate
balance, and potentially reduce the need for liver trans-
plant in patients with PH1. Therapies that can effectively
reduce hepatic oxalate production have the potential to
halt or even reverse disease progression and be effective in
patients of all ages and at all stages of the disease, including
those receiving dialysis, which may lead to improvements
in their quality of life. Additional data will be gathered
during the extension period of this study.
ILLUMINATE-C evaluated the efficacy and safety of
lumasiran in patients with PH1 who have advanced kidney
disease. Lumasiran was generally well tolerated and
resulted in a substantial reduction in POx in patients with
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A: Plasma Oxalate AUC,,, Between Dialysis Sessions in a Cohort B Patient
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Figure 2. Pre- and postdialysis plasma oxalate levels in cohort B. During screening, 2 separate profile assessments were performed
at least 7 days apart. (A) Plasma oxalate area under the curve from 0 to 24 hours (AUCq..4n) between dialysis sessions in a cohort B
patient. (B) Distribution of pre- and postdialysis plasma oxalate levels in cohort B at baseline, month 3, and month 6. Filled symbols

represent the means; open circles represent outliers.

decreased kidney function, including those receiving
dialysis, during the 6-month primary analysis period. It is
possible that the substantial reduction in POx observed in
ILLUMINATE-C may underestimate the effect of lumasiran
on hepatic oxalate production because all patients had
advanced kidney disease at enrollment. In patients with
PH1 who receive a combined liver/kidney transplant, even
though POx decreases after normalization of hepatic oxa-
late production by liver transplant compared with pre-
transplant levels, POx levels may remain increased, even
with continuing and intensive hemodialysis, presumably
as a result of the high body oxalate burden that may be
removed over time.”"”” In a case of sequential liver/kid-
ney transplant, POx has been shown to decrease from

AJKD Vol XX | Iss XX | Month 2022

approximately 60 times normal before liver transplant to
approximately 28 times normal following liver transplant,
with a further reduction to approximately 7 times normal
following kidney transplant, suggesting that strategies to
reduce hepatic oxalate production may not fully reduce
POx levels until kidney function is restored.”® Indeed, even
in patients with kidney failure unrelated to PH1, POx level
is often increased 10 times or more versus normal.”**” >’

In previous studies, treatment with lumasiran was
shown to achieve substantial and sustained reductions in
UOx with an acceptable safety profile in patients with
relatively preserved kidney function. 1220 Treatment with
lumasiran also led to rapid and sustained reductions in
UOx in cohort A in ILLUMINATE-C. As expected, anuria in
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Table 3. Safety

Cohort A (n = 6)

Cohort B (n = 15) All Treated (N = 21)

No. of No. of Events No. of No. of Events No. of No. of Events
Patients (ER)? Patients (ER)? Patients (ER)?

AEs 5 (83%) 20 (735.6) 12 (80%) 54 (777.1) 17 (81%) 74 (765.5)

AEs occurring in 22 patients
Pyrexia 1 (17%) 1 (36.8) 5 (33%) 7 (100.7) 6 (29%) 8 (82.8)
Injection-site reaction 1 (17%) 1 (36.8) 4 (27%) 4 (57.6) 5 (24%) 5 (51.7)
Device-related infection 0 NA 2 (13%) 4 (57.6) 2 (10%) 4 (41.4)
Diarrhea 0 NA 2 (13%) 4 (57.6) 2 (10%) 4 (41.4)
Vomiting 1 (17%) 1 (36.8) 1 (7%) 1 (14.4) 2 (10%) 2 (20.7)

AEs leading to study treatment 0 NA 0 NA 0 NA

discontinuation

AEs leading to study withdrawal 0 NA 0 NA 0 NA

Death 0 NA 0 NA 0 NA

Serious AEs 1 (17%) 2 (73.6) 5 (33%) 13 (187.1) 6 (29%) 15 (155.2)
Abdominal pain 0 NA 1 (7%) 1(14.4) 1 (5%) 1 (10.3)
AVF operation 0 NA 1 (7%) 1 (14.4) 1 (5%) 1(10.3)
AVF thrombosis 0 NA 1 (7%) 1 (14.4) 1 (5%) 1(10.3)
Catheter-site swelling 0 NA 1 (7%) 1 (14.4) 1 (5%) 1(10.3)
Device-related infection 0 NA 2 (13%) 2 (28.8) 2 (10%) 2 (20.7)
Device-related thrombosis 0 NA 1 (7%) 1 (14.4) 1 (5%) 1(10.3)
Dialysis device insertion 0 NA 1 (7%) 1 (14.4) 1 (5%) 1 (10.3)
Hemorrhage 0 NA 1 (7%) 1 (14.4) 1 (5%) 1(10.3)
Hypokalemia 1 (17%) 1 (36.8) 0 NA 1 (5%) 1(10.3)
Pyrexia 0 NA 1 (7%) 1 (14.4) 1 (5%) 1 (10.3)
Seizure 0 NA 1 (7%) 1 (14.4) 1 (5%) 1 (10.3)
Skin scar contracture 0 NA 1 (7%) 1 (14.4) 1 (5%) 1(10.3)
Spontaneous hematoma 0 NA 1 (7%) 1 (14.4) 1 (5%) 1(10.3)
Vomiting 1 (17%) 1 (36.8) 0 NA 1 (5%) 1(10.3)

Severe AEs 0 NA 3 (20%) 6 (86.3) 3 (14%) 6 (62.1)

Abbreviations: AE, adverse event; AVF, arteriovenous fistula; ER, exposure-adjusted event rate per 100 patient-years; NA, not applicable.
#Total number of AEs in a given preferred term. If a patient had multiple events in a given category, the patient was counted multiple times.

cohort B was nearly universal, precluding meaningful
analysis of UOx. The postbaseline increase in plasma gly-
colate observed in ILLUMINATE-C was consistent with the
mechanism of action of lumasiran and with previous
findings in patients with relatively preserved kidney
function,'”*° suggesting comparable liver uptake of
lumasiran and target suppression with the recommended
weight-based dosing regimen in patients with advanced
PHI. Case reports have described increased plasma and
urinary glycolate concentrations, without apparent adverse
clinical consequences, in patients with glycolate oxidase
deficiency.’’*’

Plasma PK data showed a rapid decrease in lumasiran
concentrations, with lumasiran levels reaching the lower
limit of quantification within 24 hours in most patients.
This observation is consistent with findings in patients
with relatively preserved kidney function”’ and suggests
that kidney function does not influence liver uptake of
lumasiran.

Lumasiran demonstrated an acceptable safety profile in
the 6-month primary analysis period of ILLUMINATE-C.
Consistent with what was previously reported in patients

with preserved kidney function,'””® the most common

AEs related to lumasiran treatment were injection-site re-
actions, all of which were mild and transient.

There is hope in the medical community that novel
therapies that target hepatic oxalate production will obviate
the need for a liver transplant.”* *“ Kidney-only transplant
has been performed with good outcomes in a limited
number of patients after adequate response to pyridoxine.’’
More recently, in a young patient diagnosed with PHI
following a kidney transplant, graft kidney function stabi-
lized following lumasiran and aggressive kidney replace-
ment therapy, allowing for discontinuation of dialysis.58
The challenge the community now faces is to understand
what might be a suitable POx level at which kidney-only
transplant could be considered for patients with PHI,
acknowledging that such a decision would not rely on a POx
level alone. POx levels may fluctuate during follow-up,
unrelated to changes in serum creatinine or eGFR*?; in
addition, there is poor agreement in POx values between
laboratories.”” It may be important to consider the normal
range of POx in patients without PH1 who are undergoing
dialysis at a given laboratory to help guide these decisions.
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In conclusion, in the ILLUMINATE-C phase 3 study,
patients of all ages with advanced PHI1 had substantial
reductions in POx after receiving 6 months of lumasiran
treatment, with encouraging early results on measures of
systemic oxalosis and a generally acceptable safety profile;
the most commonly reported lumasiran-related AEs were
injection-site reactions. These results, along with previous
reports from ILLUMINATE-A and ILLUMINATE-B, ™"’
provide evidence supporting the effectiveness and
safety of lumasiran across the full spectrum of disease
severity in PHI.
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AJKD Michael et al

Lumasiran for Advanced Primary Hyperoxaluria Type 1:
Phase 3 ILLUMINATE-C Trial

Study Design Results
Phase 3, open-label, single-arm trial 6 months Cohort A Cohort B
N = 21 Primary Endpoint
2299 . Genetically confirmed PH1 Mean percent reduction from 33.3% 42.4%
* Plasma oxalate (POx) 220 pmol/L baseline in POx (95% CI: =15.2%, 81.8%) = (95% CI: 34.2%, 50.7%)
* eGFR <45 mL/min/1.73 m2.if age Secondary Endpoints
212 months; elevated SCr if <12 months .
Mean percent reduction in NA 41.4%
Cohort A (N = 6) interdialytic POXx AUC 4, (SEM: 4.4%)
No h ialysis at I t
EE[ © hemodialysis at enrollmen Mean of the absolute reduction in 35.3 pmol/L 48.3 pmol/L
Cohort B (N = 15) POx (SEM: 7.4) (SEM: 3.6)
ANER RS R Rl e Percent reduction in urinary 39.5% NA
Lumasiran given subcutaneously 1x/mo oxalate-creatinine ratio (SEM: 9.4%)
} for 3 mo, then monthly/quarterly The most commonly reported lumasiran-related adverse events were
weight-based dosing injection-site reactions (24% [5/21] of patients).

CONCLUSION: Lumasiran resulted in reductions in POx with generally acceptable safety
in patients with PH1 of all ages who have advanced kidney disease.

Mini Michael, Jaap W. Groothoff, Hadas Shasha-Lavsky, et al
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