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The therapeutic potential of a novel, targeted-release
formulation of oral budesonide (Nefecon) for the treatment
of IgA nephropathy (IgAN) was first demonstrated by the
phase 2b NEFIGAN trial. To verify these findings, the phase
3 NefigArd trial tested the efficacy and safety of nine
months of treatment with Nefecon (16 mg/d) versus
placebo in adult patients with primary IgAN at risk of
progressing to kidney failure (ClinicalTrials.gov:
NCT03643965). NeflgArd was a multicenter, randomized,
double-blind, placebo-controlled two-part trial. In Part A,
199 patients with IgAN were treated with Nefecon or
placebo for nine months and observed for an additional
three months. The primary endpoint for Part A was 24-hour
urine protein-to-creatinine ratio (UPCR) after nine months.
Secondary efficacy outcomes evaluated included estimated
glomerular filtration rate (eGFR) at nine and 12 months and
the UPCR at 12 months. At nine months, UPCR was 27%
lower in the Nefecon group compared with placebo, along
with a benefit in eGFR preservation corresponding to a 3.87
ml/min/1.73 m? difference versus placebo (both
significant). Nefecon was well-tolerated, and treatment-
emergent adverse events were mostly mild to moderate in
severity and reversible. Part B is ongoing and will be
reported on later. Thus, NeflgArd is the first phase 3 IgA
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nephropathy trial to show clinically important
improvements in UPCR and eGFR and confirms the findings
from the phase 2b NEFIGAN study.
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gA nephropathy (IgAN) is a mesangioproliferative

glomerulonephritis, characterized by the deposition of

galactose-deficient IgAl (Gd-IgAl)-containing immune
complexes in the glomerular mesangium.' These immune
complexes initiate a cascade of inflammatory events, eventu-
ally causing irreversible glomerulosclerosis and tubulointersti-
tial inflammation and fibrosis with loss of kidney function; in
patients with progressive disease (i.e., proteinuria >1 g/24 h),
the risk of kidney failure may be up to 50% within 20 years.””
> At the time the present study was initiated, no IgAN-specific
treatments were available, and guidelines recommended goal-
directed supportive care comprising lifestyle change, optimal
blood pressure control, and renin-angiotensin system (RAS)
blockade to reduce proteinuria.”

There is accumulating evidence for the gut mucosal im-
mune system and mucosal-derived Gd-IgAl in the patho-
genesis of primary IgAN. Peyer’s patches are aggregations of
lymphoid follicles, located in the mucosal layer of the intes-
tine, and concentrated in the ileum. They are part of the gut-
associated lymphoid system and serve as antigen sampling
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and inductive sites and appear to be an important source of
primed, Gd-IgAl-expressing mucosal B cells.” In patients
with IgAN, the levels of Gd-IgAl in the circulation are
increased and can form immune complexes with IgG or IgA
autoantibodies.”'’"'* The mesangial accumulation of these
immune complexes initiates inflammatory and fibrotic cas-
cades, resulting in progressive kidney injury.”'"'>'* Given
the role of Gd-IgAl in the pathogenesis of IgAN, we postu-
lated that a drug targeting the gut-associated lymphoid system
could attenuate Gd-IgAl production and effectively treat
IgAN.

With this in mind, a new formulation of the oral gluco-
corticoid budesonide was specifically designed to deploy in
the ileum (Nefecon; Calliditas Therapeutics AB) and deliver
the glucocorticoid locally, with limited systemic exposure, to
the ileal gut-associated lymphoid system.'” Although this
location and mechanism of action of Nefecon remain to be
proven, the therapeutic potential of Nefecon was first
demonstrated in the phase 2b study “The Effect of
Nefecon in Patients With Primary IgA Nephropathy at Risk
of Developing End-stage Renal Disease (NEFIGAN)”
(NCT01738035)."° In this randomized controlled trial, 9
months of treatment with Nefecon 8 mg or 16 mg once daily
was compared with placebo in patients with IgAN at risk of
progression to kidney failure defined by persistent proteinuria
despite optimized RAS inhibition. Patients treated with
Nefecon 16 mg achieved a significantly greater reduction in
urine protein-to-creatinine ratio (UPCR) and experienced a
smaller decline in estimated glomerular filtration rate (eGFR)
than those treated with placebo. In particular, the mean
percentage change from baseline in eGFR at 9 months
was —9.8% for placebo versus 0.6% for Nefecon 16 mg,
resulting in a statistically significant between-groups differ-
ence of 12% (P = 0.0026). eGFR benefits remained sustained
for the duration of the study, with a mean percentage change
from baseline at 12 months of 0.7% with Nefecon 16 mg
versus —10.9% for placebo (difference: 11%; P = 0.0134).'°

The positive impact of Nefecon treatment on established
surrogate endpoints for predicting long-term kidney out-
comes in patients with IgAN'®"" led to the unique 2-part
design of the phase 3 Efficacy and Safety of Nefecon in Pa-
tients With Primary IgA Nephropathy (NeflgArd) random-
ized controlled trial (NCT03643965), which aims to confirm
the efficacy, safety, and tolerability of Nefecon 16 mg/d in
adult patients with primary IgAN at risk of progression to
kidney failure despite optimized and stable RAS blockade.”
Herein, we report results for the part A analysis, which
evaluated the effect of 9 months of treatment with Nefecon 16
mg on the relative reduction of UPCR from baseline and
eGFR compared with placebo in addition to optimized and
stable RAS blockade in 199 patients, and which has led to the
accelerated approval of Nefecon by the US Food and Drug
Administration as the first approved treatment for patients
with IgAN at high risk of progression to kidney failure.”

This phase 3 study will continue blinded into an obser-
vational, follow-up phase (part B) to verify the clinical benefit
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of Nefecon on long-term kidney function by assessing an
eGFR-based endpoint calculated over 2 years. It remains
blinded to patients, the clinical study team, and all personnel
directly involved with patients and the ongoing conduct of the
study, thus providing reassurance of the integrity of part B. All
360 patients required for the part B analysis have now been
enrolled, with final results expected in 2023.%21

METHODS

Trial design and oversight

NeflgArd part A consisted of a 15- to 35-day screening period, 9-
month treatment period, and a 3-month follow-up period
(including a 2-week tapering period). Part B is a further 12-month
observational follow-up period, during which the study blinding
will remain in place, to assess the effect of treatment on eGFR.
Maintaining study integrity and the blind in part B is being done
through intense interaction with site investigators and staff to
encourage working directly with patients on retention issues. Study
integrity during part B is also facilitated by limited regulatory
approval of Nefecon (United States only) that occurred well after the
start of part B. This global trial is being conducted at 112 clinical
sites in 20 countries, across Europe, North America, South America,
and Asia Pacific (Supplementary Table S1). The protocol and
informed consent form were submitted to and approved by the duly
constituted institutional review board or independent ethics com-
mittee for each center before the initiation of the study. An inde-
pendent Data and Safety Monitoring Board is in place to monitor the
overall conduct of the study and safety data. The study was con-
ducted in accordance with the Declaration of Helsinki and with all
applicable laws and regulations of the locale and country where the
study was conducted, and in compliance with International Council
for Harmonisation Good Clinical Practice E6 (R2) guidelines. The
design and methods of the NeflgArd trial have been described
previously.”

Patient population

All patients provided written informed consent before enrolment.
Adult patients with biopsy-confirmed primary IgAN, persistent
proteinuria (UPCR =0.8 g/g or proteinuria =1 g/24 h) despite
optimized supportive care, and an eGFR of =35 to =90 ml/min per
1.73 m* using the Chronic Kidney Disease Epidemiology Collabo-
ration formula™ were eligible for NeflgArd. Optimized supportive
care required that patients receive the maximum tolerated or
maximum allowed (country-specific) dose of an angiotensin-
converting enzyme inhibitor and/or an angiotensin II type I recep-
tor blocker for at least 3 months before randomization. This dose
remained stable throughout the duration of the trial. Patients with
type 1 or type 2 diabetes were eligible provided their diabetes was
adequately controlled, defined as glycated hemoglobin =8% (64
mmol/mol). Main exclusion criteria included all secondary forms of
IgAN or any non-IgAN glomerulonephritis, inadequately controlled
blood pressure (i.e., systolic blood pressure/diastolic blood
pressure =140/90 mm Hg), kidney transplant, or treatment with
systemic glucocorticoids or immunosuppressants in the 12 months
before enrolment. Full eligibility criteria are available in the Sup-
plementary Methods.

Randomization and blinding
Participants were randomized 1:1, using an Interactive Response

Technology system, to Nefecon or matching placebo capsules within
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35 days of study visit 1 (screening). Patients were stratified according
to baseline proteinuria (<2 g/24 h or =2 g/24 h), baseline eGFR
(<60 ml/min per 1.73 m? or =60 ml/min per 1.73 m?), and
geographic region (Europe, North America, South America, or Asia
Pacific).

Several measures were taken to ensure blinding. Both Nefecon
and placebo were provided as modified release capsules, carefully
matched in appearance, smell, and taste to ensure maintenance of
treatment masking. No cortisol listings were made available because
this would have led to unblinding based on expected cortisol
reduction with Nefecon treatment.

After 9 months of treatment and after a 2-week tapering period,
during which patients had their blinded treatment reduced from 4 to
2 capsules, patients entered the observational follow-up period (part
B), during which no study drug was administered, but patients
continued on optimized supportive care. The allocation to treatment
groups will remain blinded to investigators, patients, and all
personnel directly involved with patients and the ongoing conduct of
the study until completion of part B. During part B no further
blinded treatment (placebo or Nefecon) is given, but the blind is
maintained.

Clinical outcomes

All proteinuria data (UPCR and urine albumin-to-creatinine ratio
[UACR]) are based on 24-hour urine collection. The primary efficacy
outcome for part A was the effect of Nefecon on UPCR at 9 months.
Secondary efficacy outcomes were eGFR (Chronic Kidney Disease
Epidemiology Collaboration) and UACR at 9 months and eGFR
(Chronic Kidney Disease Epidemiology Collaboration) at 12
months. The statistical analysis plan specified analysis of the 1-year
eGFR slope using a random coefficients model with random inter-
cept and slope. eGFR was analyzed on a linear scale. Data impacted
by rescue medication were excluded.

Safety outcomes included treatment-emergent adverse events
(TEAEs), defined as adverse events (AEs) that occurred for the first
time after dosing with study drug up until 14 days after the last dose,
or existed before but worsened in severity or relationship to study
drug after dosing, serious TEAEs, TEAEs leading to discontinuation
of study drug, and TEAEs of special interest. Other safety assess-
ments comprised clinical laboratory measurements (chemistry, he-
matology, and urinalysis), vital signs (heart rate and blood pressure),
and physical examinations.

Statistical analysis

Based on the phase 2b NEFIGAN study, 200 patients in part A were
required to provide >90% power to demonstrate statistical signifi-
cance using a 1-sided alpha level of 0.025, assuming a 25% relative
reduction in UPCR with Nefecon treatment compared with placebo
and a standard deviation of 0.59 for the change in log(UPCR). Type
1 error is controlled across parts A and B using a predefined testing
hierarchy in which the part A primary endpoint was tested at a 1-
sided significance level of 0.02. All P values are 1-sided. The ratio-
nale for using 1-sided P values is that this was a superiority study, so
testing was only performed in the direction favoring Nefecon. As
such the level of significance was 2.5%.

The primary efficacy analyses were conducted in the part A Full
Analysis Set (FAS), including 199 of the first 201 patients random-
ized (2 patients were prospectively excluded because of being
incorrectly randomized). Patients were included in the FAS if they
had the opportunity to receive the intended 9 months of therapy,
regardless of whether they actually received the study drug. Data
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were recorded throughout, irrespective of early discontinuation,
unless the patient withdrew their consent.

The primary aim of the efficacy analyses was to estimate the effect
of Nefecon even if patients discontinued treatment early, but in the
absence of rescue medication.

All efficacy endpoints, apart from eGFR 1-year slope, were log-
transformed before analysis. UPCR and UACR were analyzed using
a mixed-effect model for repeated measures, including baseline, 3-,
6-, 9-, and 12-month data. eGFR analyses at 9 and 12 months were
performed using robust regression with Huber weights and a cutoff
value of 2 with sequentially multiply imputed missing data. The
imputation model for eGFR included treatment, baseline eGFR, and
the 3, 6, 9, and 12 months of eGFR values. Sensitivity analyses
assessed the robustness of the primary analysis and are listed in the
Supplementary Methods. The analysis of total eGFR 1-year slope was
performed using a random coefficients model, which included all
available data recorded at baseline up to 12 months (Supplementary
Methods). As a supportive analysis, the 1-year eGFR slope was
estimated using a random coefficients model with random intercept
and slope, using observed data only. In addition, eGFR at each time
point was analyzed using a linear regression with actual time. These
analyses were supportive of the individual 1-year slopes analyzed
using robust regression with independent treatment and baseline.

The part A FAS was used to assess safety in the 197 dosed patients
who had been followed for 9 months by the data cutoff. Two patients
from the FAS were excluded from the safety analysis because they
were randomized to placebo but did not receive any study treatment,
discontinued from the study, and did not provide any follow-up
data. Safety was also assessed in the Safety Analysis Set, which
included 294 patients dosed by the time of the data cutoff
(Supplementary Methods).

Predefined subgroup analyses were performed to assess the effect
of Nefecon on UPCR and eGFR outcomes as described in the
Supplementary Methods.

RESULTS

Study participants

Up to October 5, 2020, 657 patients had been screened, 306 of
the planned 360 patients had been randomized, and 294
patients had received at least 1 dose of study drug (Figure 1).
The FAS for the part A efficacy analyses included patients
followed for at least 9 months by data cutoff (October 5,
2020) and comprised 97 patients randomized to Nefecon and
102 to placebo.

Demographic and disease characteristics were balanced
between treatment groups (Table 1). The proportion of men
(67.8%) and women (32.2%) was consistent with that ex-
pected for a predominately White (85.9%) IgAN patient
population,”>** with approximately half of all patients
aged <45 years. Median UPCR at baseline was 1.26 g/g;
approximately 60% of patients had baseline proteinuria of =2
g/24 h, and kidney function was mildly to moderately
impaired overall (median eGFR of 55 ml/min per 1.73 m?). In
addition, most patients (65.3%) had microhematuria at
baseline, detected by dipstick. By chance, a higher percentage
of patients in the Nefecon group had a medical history of
diabetes or were identified as prediabetic compared with the
placebo group (Table 1).
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28 Patients ongoing in the screening period
323 Patients did not pass screening

+293 Did not meet eligibility criteria

+11 Withdrew consent

+9 Did not meet randomization criteria

10 Other reason/not recorded

657 Screened at DCO

306 Randomized by DCO?

| Nefecon 16 mg od, n = 153 | |

l

Safety analysis set®
Nefecon 16 mg od, n = 150

I

Placebo, n = 153 I

]

Safety analysis set®
Placebo, n = 144

3 Patients excluded from Safety Analysis Set® )4—

—>| 9 Patients excluded from Safety Analysis Set®

Part A analysis
Based on first n = 201 randomized patients who completed their
9-month visit

2 Patients randomized in error and excluded from part A FAS
*1 Due to IRT process
+ 1 Patient with IgA vasculitis

Part AFAS
Nefecon 16 mg/d, n = 97
Started study treatment, n = 97

Part AFAS
Placebo, n = 102
Started study treatment, n = 100

2 Excluded from part A for safety
analysis?

12 Discontinued treatment
+8 Due to adverse events
+3 Withdrew consent
+1 Due to pregnancy

7 Discontinued treatment early
+1 Due to adverse events

+2 Withdrew consent

+4 Due to other reasons

Completed part A treatment period, n = 92¢

Completed part A treatment period, n = 92¢
« Received 9 months’ treatment according to investigator, n = 94

« Received 9 months’ treatment according to investigator, n = 85

Figure 1| Patient disposition as of part A data cutoff (DCO). °The DCO for the part A analysis was scheduled to occur once the first 201

patients randomized had the opportunity to complete their 9-month visit. The dataset extracted from the database and cleaned for analysis
included all safety data from 294 patients dosed by the time of the DCO date of October 5, 2020, and all efficacy data up to and including the
12-month visit from all patients randomized at the DCO date. Part A database lock occurred on October 28, 2020. Part A Full Analysis Set (FAS)
included data from 199 patients among the first 201 patients randomized, regardless of whether the patient received study drug (2 patients
incorrectly randomized were excluded). The data cutoff was predefined to be based on the first 201 patients because the 200th and 201st
patient were randomized on the same day. PSafety analysis set included all patients who had received at least 1 dose of study drug as of the
DCO (n = 294) and, therefore, includes data from patients who have not yet completed the 9-month treatment phase. “The number of patients
randomized before the DCO but who had not yet started treatment at the time of DCO. Five patients (2 of whom were included in the part A
FAS) are not expected to be dosed because of withdrawal of consent. The remaining 7 patients were randomized close to the DCO and had
not yet been dosed by the time of the DCO. “Two patients were excluded from the part A FAS for safety analyses as they were randomized to
placebo but did not receive any study treatment, discontinued from the study, and did not provide any follow-up data. *Completed part A
treatment period was defined as the patient has at least 1 valid urine protein-to-creatinine ratio value available in the 9-month visit window

(days 229-319). IRT, Interactive Response Technology; od, once daily.

Three-quarters of patients received at least 92% of the
maximum intended dose over the 9-month period, and
almost all patients in the Nefecon (92 [94.8%]) and placebo
(92 [90.2%]) groups completed the 9-month treatment
period and had UPCR data at 9 months. Three patients in the
Nefecon group and 2 in the placebo group had data excluded
after rescue treatment at 9 months. Of the 199 patients in the
part A FAS, 89 (91.8%) of those in the Nefecon 16 mg group
and 90 (88.2%) of those in the placebo group provided UPCR
data at 9 months in the absence of rescue treatment. A total of
144 patients had been on study for =12 months by the data
cutoff; of these, 125 (87%) provided UPCR data at 12 months
in the absence of rescue treatment.

Efficacy

After 9 months, with all patients being maintained on opti-
mized and stable RAS blockade, those who received Nefecon
achieved a 27% reduction in UPCR compared with placebo
(P = 0.0003, Table 2); reductions from baseline values were
31% and 5% in the Nefecon and placebo groups, respectively
(Figure 2a). Results were highly consistent among all pre-
specified groups, including analyses stratified by baseline
UPCR, eGFR, and 24-hour proteinuria (Figure 3). Sensitivity
analyses (Supplementary Table S2) also confirmed the results
observed. UPCR continued to improve in Nefecon-treated
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patients; at 12 months, 3 months after treatment discontin-
uation, there was a 48% reduction in UPCR with Nefecon
compared with placebo (P < 0.0001, Table 2). The absolute
changes in proteinuria of the Nefecon and placebo-treated
patients at 9 and 12 months are given in the legend for
Table 2. Results for UACR paralleled UPCR, showing a 31%
reduction with Nefecon compared with placebo at 9 months
(P = 0.0005) and a 54% reduction at 12 months (P < 0.0001;
Figure 2b, Table 2).

Because of the apparent skewing at baseline in the number
of patients with diabetes or with glycated hemoglobin or
fasting blood glucose levels indicative of prediabetes, we
performed additional post hoc interaction tests and found that
baseline glycated hemoglobin had no impact on the primary
endpoint.

After 9 months of treatment, eGFR in Nefecon-treated pa-
tients decreased from baseline by 0.17 ml/min per 1.73 m’
compared with a decrease of 4.04 ml/min per 1.73 m? in the
placebo group (Figure 2¢, Table 2). This translates to a statis-
tically significant 3.87 ml/min per 1.73 m* eGFR treatment
benefit (P = 0.0014) for Nefecon, which was maintained at 12
months. The improvement in 1-year eGFR slope was 3.37 ml/
min per 1.73 m*/yr (P = 0.0111) with Nefecon compared with
placebo. As part of the prespecified analyses, it was observed
that in the subgroup of patients who entered the trial with
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Table 1| Patient demographics and baseline characteristics

(part A FAS)

Placebo Nefecon 16 mg

Patient descriptors (n = 102) once daily (n = 97)
Age, yr 43 (23-73) 4 (25-69)

<45 56 (54.9) 2 (53.6)
Sex

Male 67 (65.7) 68 (70.1)

Female 35 (34.3) 29 (29.9)
Baseline BMI, kg/m? 28 (24-31) 29 (26-32)
Race

White 86 (84.3) 5 (87.6)

Asian 13 (12.7) 1(11.3)

Other 3 (29 1(1.0)
Ethnicity

Hispanic or Latino 7 (6.9) 9 (9.3)

Not Hispanic or Latino 94 (92.2) 88 (90.7)

Not reported/unknown 1 (1.0) 0

Baseline blood pressure, mm Hg
Systolic
Diastolic

Baseline UPCR, g/g

124 (117-131)
78 (73-83)

1.21 (0.87-1.79)

2.25(1.51-3.57)

128 (122-134)
79 (76-84)

1.27 (0.95-1.75)

2. 33 (1.71-3.25)

Baseline proteinuria, g/24 h

<29/24 h 43 (42.2) 9 (40.2)

=2to =359/24 h 31 (304) 36 (37.1)

>359/24 h 28 (27.5) 2 (22.7)
Baseline UACR, g/g 0.98 (0.66-1.55) 0. 98 (0.75-1.35)
eGFR CKD-EPI, ml/min per 55.5 (45.5-67.7) 54.9 (46.4-68.9)

1.73 m?

<60 ml/min per 1.73 m? 61 (59.8) 63 (64.9)
Patients with microhematuria 70 (68.6) 60 (61.9)
Time from diagnosis to start of 2.8 (0.5-7.1) 2.0 (0.8-6.1)

treatment, yr (range)

Patients previously treated with 7 (6.9) 9 (9.3)
glucocorticosteroids or

immunosuppressants
Use of any RAS inhibitor therapy

Patients on ACEi alone 44 (43.1) 54 (55.7)

Patients on ARB alone 48 (47.1) 38 (39.2)

Patients on ACEi and ARB 7 (6.9) 3(3.1)
Level of RAS blockade® Placebo Nefecon 16 mg

(n = 101) od (n = 95)

<50% of maximum allowed 20 (19.8) 22 (23.2)

dose

=50 to <80% of maximum 33 (32.7) 2 (23.2)

allowed dose

=80% of maximum allowed 48 (47.5) 1 (53.7)

dose
Diabetes at baseline” 1(1.0) 9 (9.3)
Prediabetic® 30 (29.4) 44 (45.4)

ACEi, angiotensin-converting enzyme inhibitor; ADA, American Diabetes Association;
ARB, angiotensin Il type | receptor blocker; BMI, body mass index; CKD-EPI, Chronic
Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration
rate; FAS, Full Analysis Set; FBG, fasting blood glucose; HbA1c, glycated hemoglobin;
RAS, renin-angiotensin system; UACR, urine albumin-to-creatinine ratio; UPCR, urine
protein-to-creatinine ratio.

2Sum of the % of maximum allowable dose for patients taking both ACEi and ARBs
was summarized.

PDiabetes reported as either type 2 diabetes mellitus, type 1 diabetes mellitus,
diabetes mellitus, or steroid diabetes.

‘These patients had levels of FBG or HbAlc before the start of treatment that
indicated a prediabetic condition, defined as an FBG =100 mg/dl or HbA1c =5.7%,
according to the ADA 2020 guidelines.

Data are expressed as n (%) or median (interquartile range) unless otherwise stated.

baseline UPCR =1.5 g/g, the eGFR benefit was greater in the
Nefecon-treated patients compared with the overall population
(Figure 4); however, this benefit was not observed for patients
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Table 2| Change in UPCR (g/g), UACR (g/g), and eGFR
(CKD-EPI) (ml/min per 1.73 m?) at 9 and 12 months
compared with placebo (part A FAS)

eGFR percentage
change (95% Cl)
[corresponding

UPCR (g/g), UACR (g9/9),

percentage percentage  difference in absolute
reduction (95% reduction (95% change (ml/min per
Timepoints  Cl); P value Cl); P value 1.73 m?)J; P value
9 mo® 27% (13%-39%); 31% (14%-45%); 7% (3%-13%) [3.87];
P = 0.0003 P = 0.0005 P = 0.0014
12 mo® 48% (36%-58%); 54% (40%-64%); 7% (1%-13%) [3.56];
P < 0.0001 P < 0.0001 P = 0.0106

Cl, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration;
eGFR, estimated glomerular filtration rate; FAS, Full Analysis Set; LS, least-squares;
MMRM, mixed-effects model for repeated measures; UACR, urine albumin-to-
creatinine ratio; UPCR, urine protein-to-creatinine ratio.

“Data recorded at 9 and 12 months respectively after the first dose of study treat-
ment regardless of duration of treatment; 12-month data are prespecified but
exploratory.

Treatment effects are expressed as percent change for Nefecon compared with
placebo, derived from the ratio of geometric LS means at the respective timepoint.
The number of patients with a valid UPCR result at 9 and 12 months in the placebo
group was n = 90 and n = 66, respectively, and n = 89 and n = 59 in the Nefecon
group, respectively. The 31% reduction from baseline in the Nefecon arm corre-
sponds to a ratio of 0.69 (=1 - 31/100); likewise, the 5% reduction for placebo
corresponds to a ratio of 0.95. The analysis of UPCR was performed on the log-scale;
therefore, the treatment effect equals the ratio of 0.69 to 0.95 = 0.73, which cor-
responds to a 27% reduction in UPCR for Nefecon compared with placebo at 9
months. eGFR was compared with baseline using robust regression. The number of
patients with a valid eGFR result at 9 and 12 months in the placebo group was n =
91 and n = 67, respectively, and n = 91 and n = 58 in the Nefecon group,
respectively. The results from this MMRM analysis are provided as geometric mean
ratios and percentage reduction from baseline. From the primary analysis on the Full
Analysis Set, the estimated mean change in UPCR was —0.41 g/g and —0.07 g/g at 9
months, and from the exploratory analysis —0.68 g/g and —0.09 g/g at 12 months,
for the Nefecon and placebo groups, respectively. For eGFR, results have additionally
been presented in terms of the mean difference in absolute change from baseline,
which were derived from the geometric LS means. The number of patients with a
valid UACR result at 9 and 12 months in the placebo group was n = 91 and n = 65,
respectively, and n = 90 and n = 60 in the Nefecon group, respectively.

with baseline UPCR <1.5 g/g (Supplementary Figure S1).
Otherwise, eGFR results were largely consistent across pre-
defined subgroups (Supplementary Figure S2).

Safety

Opverall, the 9-month treatment regimen of Nefecon was well
tolerated. Discontinuations from treatment due to TEAEs
were low (9.3% and 1.0% in the Nefecon and placebo groups,
respectively; Table 3). Most TEAEs were reversible and cate-
gorized as mild or moderate in severity, with 1% of events
classified as severe in intensity. The most common TEAEs
reported with increased frequency in the Nefecon group
compared with placebo were hypertension, peripheral
oedema, muscle spasms, and acne (Supplementary Table S3).
The overall number of serious AEs reported with Nefecon
treatment was low. Of the total of 21 reported serious AEs, 4
were judged as related to study treatment: 2 in Nefecon-
treated patients and 2 in placebo recipients. Similar pro-
portions of patients had AEs related to infection in the
Nefecon and placebo groups (39.2% and 41.0%, respectively),
with no severe infections leading to hospitalization in either
treatment group. There were no fractures or osteonecrosis
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Figure 2| Percent change in (a) Urine protein-to-creatinine ratio (UPCR) (g/g), (b) urine albumin-to-creatinine ratio (UACR) (g/g), and
(c) estimated glomerular filtration rate (eGFR) (Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI]) (ml/min per 1.73 m?)
from baseline to 12 months (part A FAS). Baseline was defined as the geometric mean of the 2 consecutive measurements before
randomization. All UPCR and UACR measurements were obtained from a 24-hour urine collection. Mean percent changes of UPCR and UACR
for each visit were calculated using the ratio of geometric LS means from the model; both ratio of LS means and least-squares means + SE
were transformed back into the original scale from mixed-effects model for repeated measures estimates. Mean changes + SE of eGFR (CKD-
EPI) were estimated from robust regression analysis back-transforming log-transformed postbaseline to baseline ratios at 3, 6, 9, and 12
months. *Only 69 Nefecon-treated patients and 75 placebo recipients had the chance to provide 12-month data before the data cutoff.
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Figure 3| Ratio of urine protein-to-creatinine ratio (UPCR) (g/g) at 9

months compared with baseline across predefined subgroups.

For patients who took both an angiotensin-converting enzyme inhibitor (ACEi) and angiotensin Il type | receptor blocker (ARB), the
categorization was applied to the sum of the percentage of the maximum allowed dose of each renin-angiotensin system inhibitor (RASI)
therapy. Patients who were not recorded as having received either an ACEi or an ARB were included in the <50% category. It was not possible

to assign a category to some patients where the dose was not recorded.

dose.

events observed in the Nefecon group (Table 1). Glycated
hemoglobin levels were generally unchanged throughout
treatment (Supplementary Figure S3). The exceptions were 2
Nefecon-treated patients who fulfilled criteria for prediabetes
at baseline and were later diagnosed with type 2 diabetes

Cl, confidence interval; LS, least-squares; MAD, maximum allowable

during the study, 1 of whom resolved after the end of treat-
ment and 1 initiated antidiabetic treatment. No change in
urine creatinine excretion was observed during the 9-month
treatment period (Supplementary Figure S4), suggesting that
systemic glucocorticoid exposure was limited in patients who
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Figure 4| Prespecified subgroup analysis: change in estimate glomerular filtration rate (eGFR) (Chronic Kidney Disease Epidemiology
Collaboration [CKD-EPI]) (ml/min per 1.73 m?) from baseline in patients with baseline urine protein-to-creatinine ratio >1.5 g/g.
Baseline was defined as the geometric mean of the 2 consecutive measurements before randomization. Mean changes =+ SE of eGFR (CKD-
EPI) were estimated from robust regression analysis back-transforming log-transformed postbaseline to baseline ratios at 3, 6, 9, and 12

months.
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Table 3| Overall safety data (part A, FAS)

Placebo Nefecon 16
(n =100) mg/d(n = 97)
Adverse event descriptors n (%) Events n (%) Events

All TEAEs 73 (73.0) 300 84 (86.6) 429
Maximum severity of TEAEs
Mild 46 (46.0) 243 49 (50.5) 330
Moderate 26 (26.0) 56 31 (32.0) 95
Severe 1(1.0) 1 4 (4.1) 4
AE of infection 41 (4100 - 38392 -
Any AESI 0 (0.0) - 2(2.1) -
Severe infection that required 0 (0.0 - 0 (0.0) -
hospitalization
New onset of diabetes mellitus® 0 (0.0 - 2(2.1) -
Confirmed fracture 0 (0.0 - 0 (0.0 -
New osteonecrosis 0 (0.0) - 0 (0.0) -
Gl bleeding requiring hospitalization 0 (0.0) - 0 (0.0 -
Reported occurrence of cataract 0 (0.0 - 0 (0.0 -
formation
Reported onset of glaucoma 0 (0.0) - 0 (0.0 -
Any treatment-emergent SAE 5 (5.0) 5 11 (11.3) 16
Any study treatment related 2 (2.0) 2 2 (2.1) 2
treatment-emergent SAE
Any AE leading to death 0 (0.0 0 0 (0.0) 0

Any TEAE leading to discontinuation of 1 (1.0) 5
study treatment®

ADA, American Diabetes Association; AE, adverse event; AESI, adverse event of
special interest; CRF, case report form; FAS, Full Analysis Set; FBG, fasting blood
glucose; G, gastrointestinal; HbA1c, glycated hemoglobin; IQR, interquartile range;
SAE, serious adverse event; TEAE, treatment-emergent adverse event.

*These patients had levels of FBG or HbA1c before the start of treatment that
indicated a prediabetic condition, defined as an FBG =100 mg/dl or HbA1c =5.7%,
according to the ADA 2020 guidelines.

PNote that for 1 Nefecon-treated patient with a TEAE leading to discontinuation of
study treatment, this was not their primary reason for withdrawal recorded on the
withdrawal CRF that is described in Figure 1.

AEs were coded using the Medical Dictionary for Regulatory Activities (Version 22.0).
AEs were considered to have been reported during the “on-treatment” period if the
start date was after the first dose of study treatment until 14 days after completion
of the tapering period. AEs that started >14 days after the last dose of study
treatment were attributed to follow-up (not reported herein). TEAEs were defined as
AEs that occurred for the first time after dosing with study drug or existed before but
worsened in severity or relationship to study drug after dosing. AESIs were defined
as severe infections requiring hospitalization, new onset of diabetes mellitus,
confirmed fracture, new osteonecrosis, gastrointestinal bleeding requiring hospi-
talization, reported occurrence of cataract formation, and reported onset of
glaucoma.

received Nefecon. There were no other clinically relevant
findings from clinical chemistry or hematology laboratory
assessments (Supplementary Table S4).

DISCUSSION

NeflgArd is the first pivotal phase 3 randomized controlled
trial to confirm the efficacy of an immunomodulatory
medication in significantly reducing proteinuria and slowing
the decline in eGFR in patients with primary IgAN already
receiving optimized and stable RAS blockade. Patients treated
with Nefecon experienced a significant 27% reduction in
UPCR levels compared with placebo, with results highly
consistent among prespecified subgroups including patients
stratified by baseline UPCR, 24-hour proteinuria, and eGFR.
For IgAN, reducing the risk of GFR loss has been tied to the
relative (as opposed to the absolute) reduction of UPCR.*'*""”
Consistently, this 9-month Nefecon treatment regimen also
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attenuated the decline in eGFR, which for the placebo group
was on average 4.04 ml/min per 1.73 m” after 9 months and
consistent with previous reports.'”*” Treatment with Nefecon
led to a virtually unchanged eGFR and a treatment benefit
(eGFR difference between Nefecon and placebo) of 3.87 ml/
min per 1.73 m® at 9 months (P = 0.0014). The treatment effect
replicated results observed in the phase 2b NEFIGAN trial,
which showed a 29% (P = 0.0092) UPCR reduction compared
with placebo and a similar eGFR benefit (P = 0.0064) after 9
months of treatment with Nefecon 16 mg daily; UPCR results
become more pronounced, and eGFR results were maintained,
during follow-up at 12 months."

The design of the NeflgArd trial represents a novel
approach to study new treatments for IgAN that originated
from a collaboration between the US Food and Drug
Administration and the American Society of Nephrology’s
Kidney Health Initiative. The primary endpoint of part A,
proteinuria reduction, is an accepted reasonably likely surro-
gate for long-term clinical outcomes in IgAN and is the basis
of the US Food and Drug Administration approval, granted to
Nefecon under an accelerated pathway.”’ This regulatory
pathway is based on the expectation that early benefits in
UPCR levels are likely to translate into a slower eGFR decline
over time, and this will be fully assessed in part B of NeflgArd
for full US Food and Drug Administration approval of Nefe-
con. Indeed, published evidence in IgAN has shown that there
is a strong association between treatment effects on UPCR and
subsequent changes in the rate of eGFR decline and the risk of
development of kidney failure.'”'"*>*® Based on 2 meta-
analyses,'”'” the magnitude of the treatment effects observed
on UPCR and eGFR at 1 year in part A of the NefIgArd trial is
highly likely to predict, with >97.5% confidence, clinical
benefit on long-term preservation of kidney function. Sup-
porting this prediction, a separate meta-analysis'® suggested
that the magnitude of proteinuria reduction observed in
NeflgArd part A should, with high confidence, lead to a
clinically meaningful eGFR benefit in part B.

Importantly, the clinical benefits of Nefecon were achieved
safely. The 9-month treatment regimen of Nefecon was well
tolerated, with low rates of AEs that were generally of mild or
moderate severity and reversible. Glucocorticoid-related AEs
were as expected for an oral budesonide treatment and
without the serious side effects associated with systemic glu-
cocorticoids, which can be long-lasting and life-altering.””**
Prolonged administration of Nefecon (beyond 9 months)
was not tested here. Should longer exposures be considered in
the future, continued vigilance for glucocorticoid side effects
should be maintained. In addition, Nefecon over a 9-month
treatment period did not increase the risk of infection, and
there were no severe infections leading to hospitalization. This
is in marked contrast to results of recent studies using sys-
temic glucocorticoids (STOP-IgAN and TESTING) for
IgAN.””*>*" Hospitalizations and mortality due to severe
infections were still seen in the reduced dose arm of the
TESTING study, although less commonly with the reduced
dose of 0.4 mg/kg per day methylprednisolone and use of
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prophylactic antibiotics compared with the full dose.”” This
lower dose of systemic glucocorticoid (equivalent to predni-
sone 35-40 mg/d for a 70 kg patient) has, however, still been
associated with significant long-term safety concerns.’'

Consistent with this good safety profile, the NeflgArd trial
had low rates of missing data and few discontinuations. The
number of patients with data recorded at 12 months was
lower than at 9 months because not all patients in the part A
FAS had reached the 12-month time point by the data cutoff,
not due to study discontinuations. Sensitivity analyses to
assess the impact of missing data, rescue medication, and
outliers on the primary efficacy results were highly consistent
with the primary analysis.

The acute increase in eGFR seen in the Nefecon-treated
patients at 3 months was unexpected. This observation re-
mains to be explained. Often such acute eGFR changes are
attributed to hemodynamic effects of a medication. We sug-
gest that this is unlikely because a purely hemodynamic effect
may be expected to also increase proteinuria acutely, which
was not seen. In addition, a sarcopenic effect is unlikely
because no change in urine creatinine excretion was observed
during the 9-month treatment period (Supplementary
Figure S3).

The acute effect on eGFR and the small eGFR decline in
the placebo group limited the opportunity to demonstrate a
treatment effect on eGFR change at 9 months in patients with
low baseline UPCR (<1.5 g/g). However, given the pro-
nounced UPCR reduction in all patients, highly consistent in
all subgroups and independent of baseline UPCR and baseline
eGFR, we speculate that those with low baseline UPCR may
also experience a treatment benefit on eGFR with longer
follow-up. This will be evaluated at 2 years in part B.

By chance, more patients with diabetes and prediabetes
were randomized to treatment with Nefecon. In addition,
several patients in both treatment arms were overweight or
obese. A contribution of diabetic or obesity-related kidney
damage to the proteinuria of these patients cannot be abso-
lutely excluded without concurrent biopsies. However, as
there is no expectation that Nefecon can impact diabetic or
obesity-related kidney disease, the finding that Nefecon
reduced proteinuria despite these potentially confounding
factors suggests that the effects of Nefecon on controlling
proteinuria are robust.

A limitation of NeflgArd is that it includes mainly
Caucasian patients and, although the disease mechanism and
Nefecon efficacy are expected to be similar across different
ethnic origins, these positive results will need to be confirmed
in diverse patient populations. Contemporaneous biopsies
were not required for entry into the study, preventing asso-
ciation of histologic features with indications for and/or
response to treatment. Another limitation of this study is that
the postulated location of, and mechanism of action of
Nefecon, which distinguishes it from other formulations of
budesonide, albeit appealing, is still speculative at this time.”
Understanding how Nefecon, once deployed at the gut-
associated lymphoid system level, modulates the different
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components of the pathogenic cascade in IgAN may allow
identification of novel biomarkers to better inform the future
use of Nefecon in clinical practice. Such mechanistic studies
are currently ongoing, and we look forward to communi-
cating their results in the near future.

In conclusion, the NeflgArd trial has shown that 9 months
of treatment with Nefecon, in addition to optimized and
stable RAS blockade, was well tolerated and resulted in clin-
ically important improvements in UPCR, UACR, and eGFR
compared with optimized supportive care alone. This is the
first phase 3 randomized controlled trial to show treatment
benefits of this magnitude with a drug that we postulate may
target the underlying pathophysiology of IgAN. NeflgArd is
the largest commercially sponsored study ever completed in
IgAN and supports Nefecon as the first disease-modifying
therapy approved for patients with primary IgAN at risk of
kidney failure.
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