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Introduction: The therapeutic effects of steroids in immunoglobulin A nephropathy (IgAN) global
(TESTING) study reported that methylprednisolone reduces the risk of major kidney events in individuals
with IgAN at high risk of disease progression compared to supportive care alone but is associated with
increased serious adverse events (SAEs) primarily with full-dose therapy. The risk benefit balance of the
reduced-dose methylprednisolone regimen is examined in this prespecified analysis of the reduced-dose
cohort of the TESTING trial.

Methods: Between 2017 and 2019, patients with IgAN, proteinuria =1 g/d despite 3 months of renin-
angiotensin-system blockade and estimated glomerular filtration rate (eGFR) 30 to 120 ml/min per 1.73
m? were randomized to reduced-dose methylprednisolone 0.4 mg/kg/d or placebo. The primary outcome
was a composite of a 40% eGFR decline, kidney failure, or death due to kidney disease.

Results: A total of 241 participants were randomized and followed-up with for a median of 2.5 years (mean
age: 37 years; baseline eGFR: 65 ml/min per 1.73 m? proteinuria: 2.48 g/d). Methylprednisolone was
associated with fewer primary outcome events compared to placebo (7/121 vs. 22/120; hazard ratio [HR]:
0.24; 95% confidence interval [CI]: 0.10-0.568, P = 0.002), lowered proteinuria, and reduced eGFR rate of
decline from baseline. The mean difference between methylprednisolone and placebo in proteinuria and
eGFR from baseline was —1.15 g/d and 7.9 ml/min per 1.73 m? (P < 0.001) at 12 months, respectively;
however, these benefits were lost over time. There were 7 versus 3 SAEs in the methylprednisolone versus
placebo group (HR: 1.97; 95% CI: 0.49-7.90), including 5 versus 2 infections.

Conclusion: Reduced-dose methylprednisolone is effective in improving kidney outcomes in high risk
IgAN; however, it is associated with a modestly higher number of SAEs compared to placebo.
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including optimal renin-angiotensin system blockade has

been the cornerstone of IgAN management. Although this
approach is effective in delaying kidney events, the risk
of kidney failure prevails with up to 50% of adults with
IgAN reaching kidney failure requiring dialysis or
transplantation within 10 to 30 years of diagnosis.”’

It is increasingly understood that an immune-
mediated multi-hit mechanism incites kidney injury in

I gAN is the most prevalent primary glomerular disease
worldwide.! Nontargeted supportive management,
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IgAN, which lends plausibility to the role of immuno-
suppressive therapy.” Current clinical guidelines suggest
consideration of a course of corticosteroids in a selected
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cohort of high risk patients who have greater than 1 g/
d of proteinuria despite maximal supportive care.’ These
recommendations are based on moderate certainty evi-
dence and there has been equipoise regarding the net
therapeutic effect of corticosteroids in IgAN.

The TESTING study is the largest randomized
controlled trial to assess the effect of corticosteroids in
IgAN to date.” During the study, an excess number of
SAEs was observed, thus an interim analysis was
conducted, which showed methylprednisolone 0.6 to
0.8 mg/kg/d was associated with 4-fold increased SAEs,
but may improve kidney outcomes.” Recruitment was
paused, and protocol amendments were enacted to
include a reduction in methylprednisolone dose to 0.4
mg/kg/d (maximum 32 mg/d). The combined full-dose
and reduced-dose TESTING study was reported in
2022 and found that 6 to 9 months of oral methyl-
prednisolone was effective in reducing kidney events
compared to placebo across the overall trial popula-
tion.” However, this was associated with increased
SAEs, particularly with higher doses. Subgroup ana-
lyses found no difference in the magnitude of benefit
between the full-dose and reduced-dose methylpred-
nisolone cohort, with fewer SAEs reported in the latter.

Whereas other drugs that target specific immuno-
logical and hemodynamic pathways in IgAN are being
studied in trials, systemic corticosteroids are currently
the only immunosuppressant agents in widespread use
worldwide, including low resource settings. Therefore,
it is important to define the balance of risks versus
benefits of the reduced-dose regimen to inform the safe
use of corticosteroids in clinical practice. Here, we
report the prespecified secondary analysis of the
TESTING study to assess the efficacy and safety of the
reduced-dose oral methylprednisolone regimen,
compared to placebo, in people with IgAN at a high
risk of kidney function decline.

METHODS

Study Design and Participants

The study design, oversight, and eligibility criteria of
this randomized, double blind, placebo controlled, in-
ternational multicenter clinical trial have previously
been described in detail.”® The reduced-dose study
was conducted in Australia, Canada, China (including
Hong Kong), India, and Malaysia. Recruitment
commenced in March 2017, the final participant was
randomized in November 2019, and the final follow-up
visit was in June 2021.

Eligible individuals for this cohort included those
aged at least 18 years with primary IgAN confirmed on
kidney biopsy, an eGFR between 30 and 120 ml/min
per 1.73 m’ (calculated using the Chronic Kidney
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Disease Epidemiology Collaboration formula) and a 24-
hour urinary protein excretion greater than or equal to
1 g/d while receiving maximum tolerated renin-
angiotensin system blockade. Individuals with a
strong indication or contraindication for immunosup-
pressive therapy as determined by the treating physi-
cian, a history of systemic immunosuppressive therapy
in the preceding year, uncontrolled hypertension, un-
stable kidney function, and secondary IgAN were
excluded.

Study Procedures

Eligible participants entered a run-in period of 4 to 12
weeks and received optimal supportive care with
maximally tolerated renin-angiotensin system inhibitor
therapy for a minimum of 12 weeks. Those with
persistent proteinuria of greater than 1 g/d and
demonstrated treatment adherence were randomized to
oral methylprednisolone or matching placebo in a 1:1
ratio. Participants in the intervention arm received 0.4
mg/kg/d of oral methylprednisolone at a maximum
dose of 32 mg/d for 2 months, followed by a tapering
regimen of 4 mg/d each month for a total duration of 6
to 9 months. Antibiotic prophylaxis for Preumocystis
jirovecii pneumonia, as per local practice, was admin-
istered during the initial 12 weeks of therapy when the
treatment dose was the highest. Supportive back-
ground therapy was continued throughout the study
period. Study visits were conducted monthly for the
first 3 months and every 3 months thereafter until the
study completion date.

Outcomes

The primary end point for the entire study was a
composite of the first occurrence of a sustained 40%
reduction in eGFR from baseline (based on consecutive
serum creatinine readings at least 30 days apart, or the
last available result), kidney failure requiring kidney
replacement therapy including transplantation or
dialysis, or death due to kidney disease. Additional
prespecified primary outcomes for the reduced-dose
study included the mean change in proteinuria and
eGFR from baseline at 6 and 12 months of treatment.
The secondary end points were the composite of a
sustained eGFR reduction of each of 30%, 40%, and
50%, with kidney failure, or death due to any cause;
individual components of the primary and secondary
composite outcomes; proteinuria reduction determined
by the time-averaged mean proteinuria; and average
annual eGFR slope.

Safety outcomes included the total number of SAEs,
serious infection requiring hospitalization, new onset
diabetes  mellitus,  gastrointestinal ~ hemorrhage
requiring hospitalization, clinically evident fracture or
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osteonecrosis, and cardiovascular events. Cardiovascu-
lar events were defined as a composite of myocardial
infarction, stroke, heart failure requiring hospitaliza-
tion, and death due to cardiovascular disease.

Statistical Analysis

The study was event driven, as determined by the
original study protocol. Additional prespecified sample
size calculations were conducted for this cohort to
detect a 0.50 g/d difference from baseline proteinuria at
6 months with 90% power and a 5 ml/min per 1.73 m’
difference from baseline eGFR at 6 months with 80%
power. Data were censored when a participant died
from nonkidney causes, was lost to follow-up, with-
drew from the study, or at the end of the study follow-
up period. Data from all randomized participants were
included according to the intention-to-treat principle.
The detailed statistical analysis plan has been pub-
lished previously.”

A Cox proportional hazard frailty model adjusted for
baseline proteinuria, baseline eGFR, and endocapillary
hypercellularity score on biopsy as prespecified fixed
covariates; and site as a random effect was used to es-
timate the HR and 95% CI comparing methylprednis-
olone to placebo for the primary composite end point
and all secondary end points of a time-to-event nature.
Heterogeneity across subgroups was tested for the
primary composite end point using predefined groups,
including baseline proteinuria (<3 g/d vs. =3 g/d);
baseline kidney function (eGFR <50 ml/min per 1.73
m? vs. =50 ml/min per 1.73 m°), baseline histological
lesion scoring (presence or absence of endocapillary
proliferation as per the Oxford classification [El vs.
E0])’; race (Chinese vs. non-Chinese); age (<50 years
vs. =50 years) and time between randomization and
kidney biopsy (<1 year vs. =1 year). An adjusted
Poisson model using the same covariates as for the Cox
model was used to estimate the adjusted annual event
rates and absolute risk differences per 100-person
years.

The changes in proteinuria and eGFR from baseline
were analyzed using a linear mixed model with the
baseline measurement, treatment group, and stratifica-
tion variables as fixed effects as per the analysis of the
primary composite outcome. The effect of the treatment
was assessed as the adjusted mean difference and its
95% CI. Individual time-averaged proteinuria was
calculated as a weighted average of all available pro-
teinuria measurements for each participant and
compared using ¢ test. The rate of eGFR decline (ml/min
per 1.73 m? per year) for each individual was calculated
from the slope of a linear regression model of all eGFR
over time, and the mean rate of decline for each group
was compared using ¢ test. Sensitivity analyses were
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conducted excluding eGFR values when participants
were exposed to higher doses of methylprednisolone in
the first 3 and 6 months of the treatment course to
negate the short-term catabolic effects of corticoste-
roids. Additional exploratory analyses were conducted
to assess the effects of methylprednisolone on annual
eGFR slope over 3 years by fitting a 2-slope mixed ef-
fects linear spline model with a knot at 3 months. The
mean total slope was computed as a combination of the
short-term (0—3 months) and long-term (3 months—3
years) slopes.

SAEs were summarized as the number of total events
and the number of participants experiencing at least 1
event. An adjusted Poisson model was used to estimate
the number needed to treat to prevent 1 kidney event
and to cause 1 SAE over 2.5 years from the absolute
risk difference per 100-person years.

All P-values were 2-sided, and P-values less than
0.05 were considered to indicate statistical significance.
Analyses were performed using SAS software (version
9.4; SAS Institute) and R (version 4.1.3; R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

Baseline Characteristics

A total of 427 potentially eligible participants were
screened across 42 sites in China, Australia, India,
Canada, and Malaysia. Of these, 241 participants were
included in the study, with a median follow-up period
of 2.5 years. One hundred twenty-one were random-
ized to reduced-dose oral methylprednisolone, and 120
were randomized to placebo (Figure 1). Of the partici-
pants, 225 (93%) received Pneumocystis jirovecii
pneumonia prophylaxis. The baseline characteristics
were similar across both groups (Table 1). Overall, the
mean age was 36.7 years, 102 participants (42%) were
female, 113 participants (47%) were recruited from
sites based outside of China, and 17 (7%) were Cauca-
sian. The mean baseline eGFR and 24-hour urinary
protein excretion were 65.0 ml/min per 1.73 m” and
2.48 g/d, respectively.

Primary and Secondary Composite Outcomes

The primary composite outcome occurred less
frequently in the methylprednisolone arm than in the
placebo arm (7/121 [6%] vs. 22/120 [18%]; HR [95%
CI]: 0.24 [0.10-0.58]; P = 0.002) (Figure 2 and Table 2).
No significant heterogeneity was found in the effect of
treatment on the primary composite outcome across all
subgroups (Figure 3). The effects of methylpredniso-
lone on the secondary composite and component out-
comes were similar to the findings for the primary
composite outcome (Table 2). In total, there were 3 of
121 (2%) compared to 10 of 120 (8%) participants with
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Assessed for eligibility (n=427)

Excluded (n=186)
. Proteinuria <1g/day (n=121)
eGFR <30 or >120 mL/min/1.73m? (n=7) |

Participant decision (n=29)
HBsAG +ve (n=3)
Other reasons (n=26)

A

A

Randomised (n=241)

Allocated to methylprednisolone (n=121)
Received intervention (n=117)
Did not receive allocated intervention (n=4)

A 4

Allocated to placebo (n=120)
Received intervention (n=113)
Did not receive allocated intervention (n=7)

Lost to follow-up (n=3)
Withdrew consent (n=2)
Lost contact (n=1)
Discontinued intervention (n=3)
SAE/AE (n=2)
Participant decision (n=1)

Lost to follow-up (n=3)
Withdrew consent (n=1)
Lost contact (n=2)
Discontinued intervention (n=3)
SAE/AE (n=1)
Participant decision (n=2)

v

Included in primary analysis as per intention to treat (n=121)

\4

Included in primary analysis as per intention to treat (n=120)

Figure 1. Flow diagram of participants in the reduced-dose TESTING study. eGFR, estimated glomerular filtration rate; HBsAG +ve, Hepatitis B
surface antigen positive; SAE, serious adverse event; AE, adverse event.

kidney failure events in the methylprednisolone and
placebo arms, respectively (HR [95% CI]: 0.26 [0.07—
1.03]; P = 0.056). There were no deaths due to kidney
failure across the 2 groups, and 1 death in the meth-
ylprednisolone group.

Effect on Proteinuria and eGFR

The mean change in proteinuria from baseline was 1.15
g/d lower (50.4% reduction) in the methylprednisolone
group compared to 0.03 g/d lower in the placebo group
at 6 months, with a mean difference of 1.14 g/d (95%
CI: 0.48-1.80; P = 0.002) (Table 3 and Figure 4). The
results at 12 months were similar, with a mean differ-
ence of 1.15 g/d (95% CI: 0.62-1.68; P < 0.001) be-
tween the 2 groups (methylprednisolone: 1.01 g/
d lower [45.8% reduction], placebo: 0.10 g/d higher).
Overall, the mean difference in the time-averaged 24-
hour proteinuria between the methylprednisolone
(1.58 g/d) and the placebo (2.41 g/d) arms was 0.83 g/
d lower (95% CI: 0.48-1.25; P < 0.001) (Supplementary
Figure S1). The proteinuria lowering effect was pre-
dominantly noted in the first 12 months and was lost
over time, with no apparent between group difference
seen by 4 years of follow-up.

With methylprednisolone, there was an increase in
eGFR from baseline of 4.7 ml/min per 1.73 m® and 5.0
ml/min per 1.73 m® at 6 and 12 months respectively,
compared to a decrease of 3.2 ml/min per 1.73 m” and
3.0 ml/min per 1.73 m® with placebo (Table 3 and
Figure 5). The mean differences between the 2 arms
were 7.6 ml/min per 1.73 m” at 6 months (95% CI: 3.8—
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11.4; P < 0.001) and 7.9 ml/min at 12 months (95% CI:
4.3-11.5; P < 0.001). Overall, the mean annual eGFR
slope of decline was —0.7 ml/min per 1.73 m* per year
in the methylprednisolone arm and —3.0 ml/min per
1.73 m* per year in the placebo arm (mean difference
[95% CI]: 2.3 ml/min per 1.73 m” per year [—0.0 to 4.6];
P = 0.05) (Supplementary Figure S2). Sensitivity ana-
lyses conducted by excluding values during the first 3
and 6 months of treatment found a mean difference
between the 2 groups of 2.9 ml/min per 1.73 m” (95%
CI: 0.6-5.2; P = 0.01) and 2.9 ml/min per 1.73 m” (95%
CL: 0.6-5.1; P = 0.01) per year respectively. The mean
between-group difference in total eGFR slope over 3
years using a linear spline model was 2.9 ml/min per
1.73 m® per year (95% CI: 0.6-5.2; P = 0.01).

Safety

There were 7 SAEs in the methylprednisolone group
compared to 3 SAEs in the placebo group (7 vs. 3; HR:
1.97; 95% CI: 0.49-7.90; P = 0.34) (Supplementary
Tables S1 and S2). The number of participants who
reported at least 1 SAE were 6 (5%) in the methyl-
prednisolone group and 3 (2%) in the placebo group
(Table 4). Five participants in the methylprednisolone
arm (4%) experienced severe infection requiring hos-
pitalization compared to 2 (2%) in the placebo arm. No
participants developed Pneumocystis jirovecii pneu-
monia. Two participants (2%) developed new onset
diabetes following methylprednisolone therapy. The
single death in the methylprednisolone group was
related to serious infection. There were no major
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Table 1. Baseline characteristics of all participants in the reduced-
dose TESTING study

Reduced-dose

methylprednisolone Placebo
Parameter (N =121) (N = 120)
Age, mean (SD), yr 36.7 (10.74) 36.6 (10.81)
Sex, n (%)
Female 52 (43.0) 50 (41.7)
Male 69 (67.0) 70 (58.3)
Race, 1 (%)
Caucasian/European 8 (6.6) 9 (7.5)
Chinese 65 (63.7) 63 (52.5)
South Asian 30 (24.8) 33 (27.5)
South-East Asian 17 (14.0) 13 (10.8)
Japanese 0 (0.0) 1(0.8)
Other Eastern Asian 1(0.8) 0 (0.0)
Mixed 0 (0.0) 1(0.8)
BMI, mean (SD) 25.4 (4.8) 26.1 (6.0)
Smoking history, n (%)
Previous 15 (12.4) 7 (56.8)
Current 9 (7.4 12 (10.0)
Medical history, n (%)
Hyperfension 57 (47.1) 61 (50.8)
Tonsillectomy 1(0.8) 0 (0.0)
Macrohematuria 15 (12.4) 14 (1.7)
Previous corticosteroids 13 (10.7) 7 (5.8)
Previous other immunosuppressant 9 (7.4) 6 (5.0)
Diabetes mellitus 6 (6.0) 7 (56.8)
Coronary heart disease 20.7) 0 (0.0)
Stroke 1(0.8) 1(0.8)
Family history of IgA nephropathy 1(0.8) 4/120 (3.3)
Baseline eGFR, mean (SD), ml/min per 1.73 m? 63.4 (22.1) 66.6 (24.9)
Baseline protfeinuria, mean (SD), g/24 h 2.38 (1.41) 2.58 (2.09)
Time since renal biopsy, median (IQR), mo 5 (3-18) 6 (4-27)

Histology, no./total no. (%)°
Mesangial hypercellularity (M1)
Endocapillary hypercellularity (E1)
Segmental glomerulosclerosis (S1)
Tubular atrophy/interstitial fibrosis (T)

71/120 (59.2)
29/121 (24.0)
78/120 (65.0)

73/118 (61.9)
25/120 (20.8)
75/118 (63.6)

T0: 0-25% 72/120 (60.0) 75/118 (63.6)
T1: 26-50% 34/120 (28.3) 35/118 (29.7)
T2: > 50% 14/120 (11.7) 8/118 (6.8)

BMI, body mass index; eGFR, estimated glomerular filtration rate (calculated using the
Chronic Kidney Disease Epidemiology Collaboration formula).

®Race was self-reported by participants

PHistological findings were scored as per the Oxford Classification MEST scoring
system.

cardiovascular events, fractures, or gastrointestinal

bleed in either group during the study.

Number Needed to Treat

At 2.5 years, the numbers needed to treat to prevent 1
primary composite outcome and to prevent 1 kidney
failure event were 6 (95% CI: 4.6-8.9) and 16.7 (95%
CL: 10.7-38.0), respectively. The number needed to
treat to cause harm in 1 person was 41 (95% CI: —116.1
to 17.4).

DISCUSSION

This prespecified analysis of the TESTING study found
that a reduced-dose oral methylprednisolone regimen
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100 A

80

60

40

Cumulative Incidence (%)

20

Primary Composite Outcome

0 1 2 3 4
Time to event in years
Methylprednisolone ——
Number of patients at risk :
Placebo 120 115 78 35

Figure 2. Time from randomization to first primary composite
outcome in patients with high-risk IgA nephropathy treated with
reduced-dose methylprednisolone. Primary composite outcome
(40% reduction in eGFR, kidney failure, or death due to kidney dis-
ease) for all randomized participants over a median follow-up period
of 2.5 years. Hazard ratios were estimated using a Cox proportional
hazards model, adjusted for site, baseline proteinuria, baseline
eGFR, and endocapillary hypercellularity score on kidney biopsy.
The P-value was estimated using a log rank test. Analyses were
censored at the date when patients died, were lost to follow-up, or
withdrew from the study or at the end of study visit, whichever
occurred first. Cl, confidence interval, eGFR, estimated glomerular
filtration rate; HR, hazard ratio.

of 0.4 mg/kg/d (maximum 32 mg/d) tapered over 6 to 9
months was associated with a 76% reduction in risk of
the primary composite kidney outcome compared to
supportive care alone, with consistent relative effects
across the all-composite and component outcomes.
There was also a greater reduction in proteinuria and a
slower rate of eGFR decline from baseline with meth-
ylprednisolone compared to placebo at 6 and 12
months. An increased number of SAEs was observed in
methylprednisolone treated participants, predomi-
nantly related to infection. However, the study was
underpowered to detect a significant difference be-
tween the 2 arms.

Current international guidelines on corticosteroid use
in IgAN are based on moderate quality evidence.” The
steroid based regimens implemented in previous clinical
trials have widely varied with inconsistent results'*"*
leading to a lack of clear guidance about corticosteroid
dose and duration in individuals with IgAN at high risk
of disease progression. Specifically, there has been no
conclusive evidence to support the use of lower corti-
costeroid doses less than or equivalent to oral prednis-
olone 30 mg daily."” The findings from the reduced-dose
TESTING study suggest that the kidney benefits seen
with reduced-dose methylprednisolone, equivalent to a

Kidney International Reports (2024) 9, 2168-2179
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Table 2. Primary and secondary outcomes for the treatment effect of reduced-dose oral methylprednisolone compared to placebo in high-risk

IgA nephropathy

Outcome

Primary composite outcome

30% eGFR reduction, kidney failure or all-cause death
40% eGFR reduction, kidney failure or all-cause death
50% eGFR reduction, kidney failure or all cause death
Kidney failure

Death due to any cause®

30% eGFR reduction

40% eGFR reduction

50% eGFR reduction

Reduced-dose methylprednisolone
(N = 121)

Placebo (N = 120)

No. events (%)

7 (5.8)
1@
8 (6.6)
7(5.8)
3 (2.5)
1(0.8)
9 (7.4)
6 (5
5 (4.1)

Annual event rate®

Annual event rate®

Hazard ratio

(95% ClIy % No. events (%) (95% CI) % (95% Cly P-value
2.2 (1.1-4.6) 22 (18.3) 7.1 (4.6-10.9) 0.24 (0.10-058)  0.002
3.5 (2.0-6.4) 25 (20.8) 8.4 (5.6-12.7) 0.33 (0.15-0.70)  0.004
2.5 (1.3-5.1) 22 (18.3) 7.1 (4.6-10.9) 0.27 (0.11-061)  0.003
2.2 (1.0-4.6) 17 (14.2) 5.2 (3.1-8.6) 0.30 (0.11-0.77)  0.013
0.9 (0.3-2.9) 10 (8.3) 2.7 (1.3-5.3) 0.26 (0.07-1.03)  0.056
0.3 (0.0-2.2) 0 (0) 0.0 (0.0-0.0) N/A N/A
2.9 (1.5-5.5) 22 (18.3) 8.1 (5.3-12.3) 0.29 (0.13-066)  0.003
1.9 (0.9-4.2) 19 (15.8) 6.7 (4.3-10.5) 0.22 (0.08-0.56)  0.002
1.6 (0.7-3.8) 12 (10) 4.2 (2.4-73) 0.30 (0.10-0.88)  0.029

Cl, confidence interval; eGFR, estimated glomerular filtration rate.
2Annual event rate reported per 100-person years.

®Too few events to derive hazard ratio, confidence intervals and P-value. No reported deaths due to kidney failure.
Hazard ratios were estimated using a Cox proportional hazard frailty model and annual event rates were estimated using a Poisson model. All analyses were adjusted for baseline
proteinuria, baseline eGFR, and endocapillary hypercellularity score on biopsy as fixed covariates and site as a random effect.

maximum oral prednisolone dose of 40 mg daily, are
consistent with the benefits of full-dose therapy, despite
a shorter follow-up period for the reduced-dose
cohort.”” In addition, 47% of participants in the
reduced-dose cohort were from outside of China

Methylprednisolone Placebo

Baseline proteinuria

<3.0g/day 2/91 2% 9/89 10%

>=3.0g/day 5/30 17% 11/31 35%
Baseline kidney function

<50ml/min per 1.73m2 5/39 13% 10/42 24%

>=50ml/min per 1.73m2 2/82 2% 10/78 13%
Baseline histological
lesion scoring

EO 5/92 5% 15/95 16%

E1 2/29 7% 5/25 20%
Race

Chinese 2/65 3% 4/63 6%

non-Chinese 5/56 9% 16/57 28%
Age

<50 years 6/102 6% 20/107 19%

>=50 years * 119 5% 0/13 .0%
Time between biopsy and
randomisation

<1 year 4/83 5% 10/71 14%

>=1 year 3/38 8% 10/49 20%

compared to 5% in the full-dose cohort. The results
from this multiethnic cohort increase the generalizability
of this study and further reiterates the role of cortico-
steroid therapy in high risk IgAN (Figure 3). Additional
differences in baseline characteristics included a higher

HR (95% CI) p-value

0.5905
0.18 (0.04; 0.86)
0.30 (0.10; 0.93)

0.2313
0.40 (0.13; 1.26)
0.12 (0.03; 0.58)

0.5851
0.20 (0.07; 0.58)
0.36 (0.06; 2.03)

0.4100
0.45 (0.07; 2.77)
0.18 (0.07; 0.52)

0.9893
0.23 (0.09; 0.60)
NC

0.6758
0.21 (0.06; 0.72)
0.31 (0.08; 1.20)

T

0.1

Favors Methylprednisolone Favors Placebo

Figure 3. Subgroup analysis of the primary outcome in the study of reduced-dose methylprednisolone in high-risk IgA nephropathy. Hazard
ratios and confidence intervals were estimated using a Cox proportional hazards model adjusted for site, baseline proteinuria, baseline eGFR,
and endocapillary hypercellularity score on kidney biopsy. Interaction P-values between the trial group and subgroup variable showed no
heterogeneity across all subgroups. Inadequate events to derive estimates of effect and confidence intervals. eGFR, estimated glomerular

filtration rate.
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Table 3. Effect of reduced-dose methylprednisolone compared to placebo on proteinuria and eGFR in high-risk IgA nephropathy

Outcome

Proteinuria (g/d)

Baseline (SD) 2.38 (1.41)

Change from baseline

At 6 mo -1.15

At 12 mo —-1.01

Time averaged 1.68
6GFR (ml/min per 1.73 m?)

Baseline (SD) 63.4 (22.1)

Change from baseline

At 6 mo 4.7

At 12 mo 5.0
Annual decline (ml/min per 1.73 m2/yr)

Overall -0.7

Excluding values from mo 1 and 3¢ -0.6

Excluding values from mo 1, 3 and 6° -0.2

Reduced-dose methylprednisolone

Placebo Mean difference (95% CI) P-value
2.68 (2.09)
—0.03 —1.14 (—1.80 to 0.48) 0.002
0.10 —1.16 (—1.68 to —0.62) <0.001
241 —0.83 (—1.25 to —0.40) <0.001
66.6 (24.9)
-3.2 7.6 (3.8-11.4) <0.001
-3.0 7.9 (4.3-11.5) <0.001
-3.0 2.3 (-0.03 10 4.6) 0.054
—-2.2 2.9 (0.6-5.2) 0.01
-1.8 2.9 (0.6-5.1) 0.01

Cl, confidence interval; eGFR, estimated glomerular filtration rate.

2Sensitivity analyses conducted for annual rate of eGFR decline by excluding eGFR values during high exposure treatment.

Changes in proteinuria and eGFR from baseline were analyzed using a linear mixed model with the baseline measurement, treatment group and stratification variables as fixed effects.
Individual time-averaged proteinuria was calculated as a weighted-average of all available proteinuria measurements for each participant. Rate of eGFR decline (ml/min per 1.73 m? per
year) was calculated from the slope of a linear regression model of all eGFR over time. All results are expressed as mean values unless otherwise specified.

mean eGFR, longer duration from kidney biopsy, and
less tubular atrophy and fibrosis on histology in the
reduced-dose cohort, with subgroup analyses showing
no significant heterogeneity in treatment effect based on
eGFR or duration from biopsy.

The well-known side effect profile of systemic cor-
ticosteroids has frequently resulted in reluctance to

treat by both clinicians and patients. SAEs, predomi-
nantly infection-related hospitalization and complica-
significantly higher with
methylprednisolone compared to placebo in the full-
dose TESTING study, resulting in a temporary halt in
recruitment.” This analysis suggests that a lower cu-
mulative dose of methylprednisolone and adding

tions, were

50
40
30
20

10

10 2 e
-20 - e

230 4 7 =
-40
50

-60

Change from baseline Urine Protein (%)

-70 4

0 3 6 12 24 36 48
Month

Methylprednisolone — — Placebo

Number of patients :

Placebo 120 106 109 95 72 28 12

Figure 4. Effect of reduced-dose methylprednisolone in high-risk IgA nephropathy on proteinuria from baseline over time. Mean relative change
from baseline 24-hour urinary protein excretion over time as a percentage with 95% confidence intervals analyzed using a linear mixed model
with the baseline measurement, treatment group, and stratification variables as per the analysis of the primary composite outcome. All analyses
were conducted with untransformed proteinuria values. The mean absolute change from baseline proteinuria in g/24 h over time is shown in
Supplementary Figure 1A. The overall mean 24-hour proteinuria values plotted over time for each treatment arm are shown in Supplementary
Figure 1B.
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Figure 5. Effect of reduced-dose methylprednisolone in high-risk IgA nephropathy on eGFR from baseline over time. Mean absolute change
from baseline eGFR over time in ml/min per 1.73 m? with 95% confidence intervals analyzed using a linear mixed model with the baseline
measurement, treatment group, and stratification variables as per the analysis of the primary composite outcome. The mean relative change
from baseline eGFR as a percentage over time is shown in Supplementary Figure 2A. The overall mean eGFR values plotted over time for each
treatment arm are shown in Supplementary Figure 2B. eGFR, estimated glomerular filtration rate.

Pneumocystis jirovecii pneumonia prophylaxis can
safely mitigate much of the excess risk of infection—
related adverse events with a lower absolute risk of
SAEs compared to a full-dose regimen. Despite this, the
total number of SAEs reported with reduced-dose
methylprednisolone was higher than the number re-
ported with placebo and included 1 death. The impact
of nonserious steroid-related side effects such as weight
gain, mood disturbance, and skin changes on patient-
perceived tolerability is more challenging to quantify
and was not reported in this study; however it should
be regarded as an important aspect in the treatment
decision making process.'® The potential risks should

Table 4. Serious adverse events with reduced-dose methylpred-
nisolone or placebo in patients with high-risk IgA nephropathy

Reduced-dose

methylprednisolone Placebo
Serious adverse events (SAEs) (N=121) (N =120) P-value
Total number of SAEs 7 3
Patients with af least 1 SAE, n (%) 6 (5.0%) 3 (2.5%) 0.50
Resulted in death® 1 (0.8%) 0 (0.0%) 1.00
Hospitalization/prolongation of 6 (6.0%) 3 (2.5%) 0.50
hospitalization
Special inferest per profocol, n (%)
Severe infection requiring 5 (4.1%) 2 (1.7%) 0.45
hospitalization
Gastrointestinal bleed 0 (0.0%) 0 (0.0%)
New onset diabetes mellitus 2 (1.7%) 0 (0.0%) 0.50
Fracture or osteonecrosis 0 (0.0%) 0 (0.0%)
Major cardiovascular events 0 (0.0%) 0 (0.0%)

SAE, serious adverse event.

?0ne death due to infection in the reduced-dose methylprednisolone arm.

Kidney International Reports (2024) 9, 2168-2179

continue to be considered and discussed with patients;
and there is still a need for safer, better tolerated, and
preferably more targeted, immunosuppressive thera-
peutic agents in the management of IgAN. Several
clinical trials studying the effects of steroid-sparing
immunomodulatory agents with various targets such
as the complement system, A proliferation inducing
ligand, and B cell activating factor have been pub-
lished. Recently, the ENVISION study reported that 12
months of treatment with sibeprenlimab, a monoclonal
antibody that binds to and neutralizes A proliferation
inducing ligand, reduced proteinuria in IgAN
compared to placebo, with no difference in the risk of
adverse events, including infection.'” In another phase
2 trial, telitacicept, a dual B-lymphocyte stimulator/A
proliferation inducing ligand inhibitor, was shown to
reduce proteinuria in patients with IgAN at 24 weeks
of treatment, with a similar safety profile compared to
placebo.'® Longer phase 3 trials are
underway."”

Proteinuria reduction at 9 months has been identi-
fied as a reliable surrogate end point to predict a
treatment’s effect on progression to kidney failure in
IgAN.” This has been a transformative advancement in
clinical trials for IgAN because sample sizes can be
reduced due to the continuous end points, and the
time-to-event for traditional end points, such as the
composite primary outcome in the TESTING study, is
often long, requiring protracted study durations before
confirming the efficacy of a drug. There was a 45.8%
reduction in proteinuria from baseline with reduced-

currently
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dose methylprednisolone at 12 months, with the
treatment effects becoming less pronounced by 24
months and a convergence in the methylprednisolone
and placebo arms by 48 months. Potential reasons to
account for the demonstrated loss of proteinuria-
lowering effects over time include the median follow-
up period of 2.5 years, resulting in a relatively small
number of participants included beyond 36 months,
the underlying mechanism of action of methylpred-
nisolone, and the short-term course of treatment. It
could be postulated that suppressing the active in-
flammatory process early in the disease course im-
proves kidney outcomes, although it remains uncertain
whether these effects are temporary and highlights the
need for further effective agents in the long-term.
Despite this, the reduced-dose TESTING study
demonstrated a clear reduction in hard kidney end
points, including kidney failure on follow-up and re-
flects the correlation between an early reduction in
proteinuria with long-term kidney benefits in IgAN.Z]
At present, there are no data to support the efficacy of
repeated courses of corticosteroids; and the long-term
metabolic, cardiovascular, and infective side effects
are likely to offset any benefits. Targeted release
formulation budesonide, which localizes drug release to
the distal ileum is anticipated to have a superior safety
profile than systemic corticosteroids.”” Based on the
primary end point of a reduction in proteinuria at 9
months of treatment compared to placebo in the Nefl-
gArd trial, > targeted release formulation budesonide
received accelerated US Food and Drug Administration
approval for use in IgAN. The full 2-year study find-
ings have since shown that it also reduces the rate of
eGFR decline compared to placebo by 2.95 ml/min per
1.73 m* per year, which is comparable to the benefits
seen with reduced-dose methylprednisolone.” The
NefIgArd study was not powered for hard kidney end
points and as such, it is not known whether these re-
sults will translate into fewer kidney events such as
kidney failure and maintain favorable safety outcomes
on longer term follow-up.

Nonimmunosuppressive agents with hemodynamic
benefits have also been shown to be effective in
improving kidney outcomes in IgAN. A prespecified
analysis of the Dapagliflozin And Prevention of
Adverse Outcomes Chronic Kidney Disease study
found that dapagliflozin, a sodium glucose cotrans-
porter 2 inhibitor, reduced the risk of disease pro-
gression in IgAN compared to placebo with a favorable
safety profile.”” There were no participants receiving
sodium glucose cotransporter 2 inhibitors during the
TESTING trial because the study was conducted before
the era of these now widely prescribed agents.
Recently, the PROTECT study reported 24-month data
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showing significant reduction in proteinuria with
sparsentan, a dual endothelin angiotensin receptor
antagonist, compared to placebo and that it was well-
tolerated, with favorable signals in eGFR slope.”
However, the effect on eGFR slope was modest
compared to the larger reduction in proteinuria,
emphasizing the need for confirmatory data on eGFR
outcomes. This was a strength of the TESTING study
which was powered for eGFR and hard kidney out-
comes. The role and effects of such non-
immunosuppressive agents versus corticosteroids in
IgAN remain unclear, with no head-to-head compari-
son or combination studies completed to date.

The Dapagliflozin And Prevention of Adverse Out-
comes Chronic Kidney Disease and PROTECT studies
included fewer participants from Asian backgrounds,
with lower baseline eGFR and proteinuria compared to
the reduced-dose TESTING cohort. Regional and racial
variations have been linked to kidney progression and
outcomes in IgAN, with those of Pacific Asian back-
ground being at risk of faster eGFR decline.”’ Certain
therapies found to be exclusively beneficial in specific
population groups have been outlined in international
guidelines, including tonsillectomy for Japanese pa-
tients and mycophenolate mofetil in Chinese patients,5
but the impact of race on corticosteroid response re-
mains uncertain. Given that the underlying patho-
physiology of IgAN involves an immune-mediated
component, it could be postulated that those with an
aggressive disease process and active histological le-
sions may demonstrate a greater response to immuno-
suppression. However, this has not been confirmed.

There are limitations to this study. First, there was a
modest number of kidney failure events and SAEs in
this cohort, leading to low power in detecting differ-
ences between the intervention arms. Second, the
follow-up period at a median of 2.5 years was relatively
short for the reduced-dose cohort compared to the 6.1
years for the full-dose cohort. This was by design
because the reduced-dose protocol was implemented
after an interim analysis of the TESTING study. Longer
term follow-up in the posttrial observational TESTING-
ON study is currently underway to determine whether
these kidney benefits are sustained over time. Third,
although the proportion of Chinese versus non-Chinese
participants was comparable, the majority were still of
Asian origin, who are demonstrated to exhibit more
aggressive disease and a less favorable prognosis
compared to their Caucasian counterparts. Subgroup
analysis found no differential effect in Chinese
compared to non-Chinese participants; however, the
effect among other ethnicities was not able to be reli-
ably tested, with only a small number of Caucasian
participants. Finally, the TESTING study was not
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powered to compare the full-dose and reduced-dose
cohorts; thus, though numerically there were more
SAEs and primary outcome events with the former
cohort, this analysis alone cannot determine whether
the latter was superior.

The recent advances in therapeutic agents poten-
tially herald a new era for IgAN management. How-
ever, novel agents are expensive and inaccessible for
many populations, particularly those from low middle-
income countries. On the other hand, corticosteroids
are included in the World Health Organization model
list of essential medicines (2021) and are universally
accessible and affordable.”® Criticisms for the use of
corticosteroids in IgAN include treatment-related side
effects and their perceived loss of proteinuria-lowering
benefits over time, yet the short study period of 2 years
or less across most novel agents must also be consid-
ered. For a condition that places a significant burden of
disease worldwide, including in low middle income
countries, an effective, inexpensive, and readily
available treatment option with an acceptable safety
profile is paramount, highlighting the global impor-
tance of this analysis, and its immediate applicability.

In conclusion, the reduced-dose TESTING study
demonstrates that a 6 to 9 month reduced-dose meth-
ylprednisolone regimen is associated with improved
kidney outcomes and a delay in the progression toward
kidney failure for individuals with high risk IgAN
already established on maximal supportive care.
However, some increased risk of SAEs likely remains,
albeit at a lower rate than with the full-dose regimen.
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