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Abstract

Introduction: Despite optimal current care, up to 30% of
individuals suffering from immunoglobulin A nephropathy
(IgAN) will develop kidney failure requiring dialysis or kid-
ney transplantation. The Therapeutic Evaluation of STe-

roids in IgA Nephropathy Global (TESTING) study was de-
signed to assess the benefits and risks of steroids in people
with IgAN. We report the trial design as well as the baseline
characteristics of study participants. Methods: It is an in-
vestigator-initiated, multicenter, double-blind, placebo-
controlled, randomized trial of individuals with kidney bi-
opsy-confirmed IgAN, proteinuria =1 g/day, and an esti-
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mated GFR of 20-120 mL/min/1.73 m?, following at least 3
months of standard of care including maximum labelled
(or tolerated) dose of renin-angiotensin system blockade.
The original study design randomized participants 1:1 to
oral methylprednisolone (0.6-0.8 mg/kg/day, maximum 48
mg/day) for 2 months, with subsequent weaning by 8 mg/
day/month over 6-8 months, or matching placebo. The in-
tervention was modified in 2016 (due to an excess of seri-
ous infection) to low-dose methylprednisolone (0.4 mg/
kg/day, maximum 32 mg/day) for 2 months, followed by
weaning by 4 mg/day/month over 6-9 months, or match-
ing placebo. Participants recruited after 2016 also received
prophylaxis against Pneumocystis jirovecii pneumonia dur-
ing the first 12 weeks of treatment. Results: The study re-
cruitment period extended from May 2012 to November
2019. By the time the excess of serious infections was ob-
served, 262 participants had been randomized to the orig-
inal full-dose treatment algorithm, and an interim analysis
was reported in 2016. Subsequently, 241 additional par-
ticipants were randomized to a revised low-dose protocol,
for a total of 503 participants from China (373), India (78),
Canada (24), Australia (18), and Malaysia (10). The mean
age of randomized participants was 38, 39% were female,
mean eGFR at randomization was 62.7 mL/min/1.73 m?,
and mean 24-h urine protein 2.54 g. The primary endpoint
is a composite of 40% eGFR decline from baseline or kidney
failure (dialysis, transplantation, or death due to kidney dis-
ease), and participants will be followed until the primary
outcome has been observed in at least 160 randomized
participants. Analyses will also be made across predefined
subgroups. Effects on eGFR slope and albuminuria will also
be assessed overall, as well as by the steroid dosing regi-
men. Conclusions: The TESTING study (combined full and
low dose) will define the benefits of corticosteroid use on
major kidney outcomes, as well as the risks of therapy, and
provide data on the relative effects of different doses, in

individuals with high-risk IgAN. ©2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

IgAN is the commonest cause of glomerulonephritis
and the leading cause of kidney failure requiring dialysis
in young adults worldwide with variable prevalence and
regional differences in characteristics [1, 2]. The natural
history of IgAN is heterogeneous and varies from an in-
dolent benign course to rapid progression to kidney fail-
ure requiring dialysis [3, 4]. Proteinuria (>1 g/day), hy-
pertension, or elevated serum creatinine at the time of
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diagnosis [5, 6], as well as specific histological lesions on
kidney biopsy (Oxford classification MEST-C scores) [7-
9], have been identified as markers of poor prognosis. De-
spite improvements in the understanding of the patho-
logical mechanisms of IgAN and improved disease-risk
prediction, there is no current established disease-target-
ed therapy for individuals at high risk of kidney progres-
sion. Although corticosteroids and other immunosup-
pressants have been used for decades based on their bio-
logically plausible effects on the course of IgAN, their role
remains controversial [10, 11]. An updated Cochrane re-
view of immunosuppressive agents in IgAN that included
8 studies (741 participants) reported corticosteroid ther-
apy may induce complete remission, prevent doubling of
serum creatinine, and reduce proteinuria, but has uncer-
tain effects on glomerular filtration rate, death, infection,
and malignancy [12]. In the STOP-IgAN trial, addition of
immunosuppression to supportive care in 162 Caucasian
participants resulted in more adverse effects with little
impact on eGFR decline over the 3-year trial period, or
during a subsequently published 7-year cohort follow-up
(13, 14].

The Therapeutic Effects of STeroids in IgA Nephropa-
thy Global (TESTING) study was designed to assess the
effects of a 6- to 9-month course of oral steroids on the
risk of major kidney outcomes, as well as the safety of this
therapy. In 2015, TESTING was temporarily halted on
the advice of the Data Safety Monitoring Committee
(DSMC) due to a high rate of serious adverse events (pri-
marily infections) among people randomized to steroid
therapy. However, the results at that time also suggested
potential benefits of corticosteroid use on kidney out-
comes [15]. The trial design was subsequently modified
and recruitment continued. Here, we report the final de-
sign of the TESTING study including the reported inter-
im analysis and the protocol modifications, as well as the
baseline characteristics of all randomized study partici-
pants.

Methods

Study Design and Participants

The Therapeutic Evaluation of STeroids in IgA Nephropathy
Global (TESTING) study is an investigator-initiated, multicenter,
double-blind, randomized controlled trial comparing the effects of
oral methylprednisolone to matching placebo on the risk of major
kidney outcomes in people with IgAN receiving appropriate
supportive therapy, including maximum tolerated renin-angio-
tensin blocker (RAS) therapy.

The study is overseen by a Steering Committee, coordinated by
an academic research organization (The George Institute for Glob-
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Full dose cohort

(2021-2016, n=262)

Low dose cohort

(2016-2020, n=241)

Evaluation for eligibility

|
} }

placebo |

| Methylprednisolone | |

0.6- 0.8mg/kg/day ( maximal 48mg/day X2
months) then weaned dose 8mg/day/ month
for 6-8 months

Inclusion criteria Exclusion criteria Inclusion criteria
u Biopsy proven IgA L Indication for immunosuppressive therapy with corticosteroids. ] Biopsy proven IgA
nephropathy [ Crescents IgAN within the last 12 months. nephropathy
u Proteinuria: >1.0g/day L Contraindication to immunosuppressive therapy u Proteinuria: >1.0g/day
u eGFR: 20 to 120mL/min = Systemic immunosuppressive therapy in previous 1 year. u eGFR: 30 to 120mL/min
per 1.73m? while ] Malignant /uncontrolled hypertension (>160/110mmHg). per 1.73m? while
receiving maximum [ Current unstable kidney function due to other reasons receiving maximum
tolerated RAS blockade L Age <14 years old tolerated RAS blockade
[ Secondary IgA nephropathy
n Patients who are unlikely to comply with the study protocol in the
view of the treating physician
[ [
Run in phase (4-12 weeks) with supportive therapy
v (blood pressure control and RAS inhibition ) v
Randomisation Randomisation

Evaluation for eligibility

|
} }

| Methylprednisolone | | placebo |

0.4mg/kg/day (maximal 32mg/day X2 months)
then weaned by 4mg/day /month for 6-9 month
with prophylaxis for Pneumocystis jirovecii
pneumonia (PJP) in the first 12 weeks

Endpoint
Primary endpoint: composite of ESKD, 40% decrease in eGFR and renal death

Event based trial until primary outcome observed in at least 160 participants

Fig. 1. Schematic diagram of the full corticosteroid and low corticosteroid dose cohort combined. PJP, Pneumo-

cystis jirovecii pneumonia.

al Health), and conducted in sites in Australia, Canada, China in-
cluding Hong Kong, India, and Malaysia. Ethical approval to con-
duct the trial was obtained from Peking University, the University
of Sydney, and the ethics committees of individual countries and
study sites, with all participants providing written informed con-
sent. An independent Data Safety Monitoring Committee (DSMC)
has been established and meets twice a year to review efficacy and
safety data.

The study started recruitment in 2012 but was halted in No-
vember 2015 based on the advice of the DSMC due to safety con-
cerns, primarily an excess of serious infections including 2 deaths
in the steroid arm. An interim analysis of data collected to that time
was published [15], and recruitment was recommenced following
protocol modification to a reduced methylprednisolone dose regi-
men (see below), with ongoing follow-up of all participants (in-
cluding the original cohort) with a revised sample size. Figure 1
shows a schematic diagram of the full steroid and low steroid dose
cohort. A summary of the changes in the modified protocol is pro-
vided in online supplementary Table 1 (for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000519812).

The TESTING Study

Participants and Procedures

Eligibility required a diagnosis of primary IgAN proven on kid-
ney biopsy, an eGFR between 20 and 120 mL/min per 1.73 m? (cal-
culated using the Chronic Kidney Disease Epidemiology Collabo-
ration formula, modified to 30-120 mL/min per 1.73 m? for the
low-dose cohort), and urinary protein excretion above 1 g/day.
Exclusion criteria included a strong indication, or contraindica-
tion, to corticosteroid therapy based on the judgment of the treat-
ing physician, or the use of systemic immunosuppressive therapy
in the previous year.

Potential participants who provided informed consent and met
study entry criteria underwent a run-in period of 4-12 weeks to
allow optimization of background therapy, including addition or
titration to a maximum labelled or tolerated dose of RAS blockade
as per standard of care. Participants who met the eligibility criteria
at the end of the run-in period were randomly assigned 1:1 via a
password-protected encrypted website interface to receive oral
methylprednisolone or matching placebo, stratified by region,
proteinuria (<3 g/day or >3 g/day), estimated GFR (<50 mL/
min/1.73 m? or 250 mL/min/1.73 m?), and kidney biopsy findings
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(endocapillary proliferation status according to the Oxford clas-
sification, E1 or EO). Randomization was performed using a mini-
mization algorithm that was centrally generated and used by all
sites to minimize any imbalances in key variables. Participants,
investigators, site staff, trial committees, and sponsors were
masked to treatment assignment for the duration of the study.

Participants were followed at regular intervals for a planned
average follow-up period of around 5 years. Study assessments oc-
curred monthly for 3 months after randomization, then every 3
months until month 12, and every 12 months until the end of this
study. Additional telephone or face-to-face assessments were un-
dertaken at 3-month intervals to ascertain kidney endpoints or
adverse events. Laboratory evaluation of all specimens was per-
formed in a national central laboratory in China and at local labo-
ratories in other countries.

Endpoints and Event Adjudication

The primary composite endpoint is defined as the first occur-
rence of a sustained 40% decrease in eGFR, the development of
kidney failure (defined as a need for maintenance dialysis or kid-
ney transplantation and adjudicated by a blinded, independent
committee), or death due to kidney disease. The 40% eGFR end-
point was chosen based on consensus recommendations from a
workshop sponsored by the National Kidney Foundation and the
US Food and Drug Administration on kidney endpoints and is
now a well-accepted kidney endpoint for clinical trials [16-18].
Occurrences of 40% eGFR reduction are included as endpoints if
they are confirmed on a repeat serum creatinine at least 30 days
following their first occurrence, or if they occur at the final avail-
able measurement. Investigators are also asked to exclude revers-
ible causes of eGFR decline including obstructive causes, nephro-
toxins, IV contrast, and other causes for acute-on-chronic kidney
failure.

Secondary endpoints include the composite of kidney failure
and all-cause death with either 30%, 40%, or 50% decrease in
eGFR. The secondary endpoints also include the composite out-
come of kidney failure and death due to kidney disease, individual
components of the composite primary endpoint, proteinuria re-
duction evaluated by time-averaged proteinuria, and eGFR slope
across all post-randomization study assessments.

A blinded event adjudication committee (EAC) consisting of
experts in nephrology adjudicates kidney failure and deaths. For
the purpose of event adjudication, kidney failure is defined as the
necessity for maintenance dialysis (peritoneal or hemodialysis) for
at least 90 days, or receipt of kidney transplantation. The 90-day
criterion is included in the definition of the kidney failure end-
point to avoid misclassification of kidney failure caused by acute
kidney injury or volume overload requiring kidney replacement
therapy. If kidney failure is reached <90 days before study closure
or if the participant dies within 90 days of dialysis initiation, the
EAC will adjudicate whether the endpoint meets kidney failure
criteria, using the detailed definitions and criteria in the EAC char-
ter.

Prespecified exploratory endpoints include (i) a 25% decrease
in eGFR assessed separately or as part of a composite with kidney
failure and all-cause death, (ii) annual slope in the inverse of se-
rum creatinine, (iii) proteinuria remission at 6th, 12th, and 24th
month, and (iv) hematuria disappearance at the last follow-up. A
statistical analysis plan will be finalized and locked prior to data
unblinding.
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Adverse Events and Safety

Predefined safety outcomes are all-cause mortality, total seri-
ous adverse events, serious infections, new diabetes, gastrointesti-
nal hemorrhage, fracture or osteonecrosis, and cardiovascular
events. Serious adverse events are defined according to the Inter-
national Conference on Harmonization Guideline for Clinical
Safety Data Management.

Intervention

In the original study design, participants were randomized 1:1
to oral methylprednisolone (0.6-0.8 mg/kg/day, maximum 48 mg/
day) or matching placebo for 2 months, with subsequent weaning
by 8 mg/day over 6-8 months. Protocol modifications were made
to incorporate measures to reduce infection risk following pub-
lished interim analysis results [15]. The steroid dose was reduced
to methylprednisolone 0.4 mg/kg/day or matching placebo (max-
imum 32 mg/day) for 2 months, followed by dose tapering by 4
mg/day/month over 6-9 months. Prophylaxis for Pneumocystis
jirovecii pneumonia was also implemented during the first 12
weeks of the treatment period for all subsequent participants.

TESTING Substudies

Two TESTING substudies are also planned. These are prospec-
tively defined. The first aims to evaluate the histopathology of kid-
ney biopsies by a central pathology committee using a standard-
ized scoring system to validate the MEST-C Oxford classification
scoring system [9] and to correlate the impact of pathology on
steroid treatment response as well as short- and long-term out-
comes for individuals with IgAN. The second substudy will serve
as an external validation of the International IgA Nephropathy
Prediction Model by the International IgAN Network research
group collaboration, to predict proteinuria reduction following
corticosteroid treatment [19].

Statistical Analysis

The initial sample size calculations assumed an annual com-
bined event rate for the primary endpoint (50% eGFR decrease,
kidney failure, and death due to kidney disease) of 7%, requiring
1,300 participants to detect a 30% relative risk reduction in the pri-
mary endpoint with 90% power (a = 0.05) [20, 21]. Subsequent to
the safety concerns and analysis and using a 40% eGFR reduction
threshold rather than the original 50% reduction, the sample size
was revised to 500 participants in order to provide 90% power (a
= 0.05) to detect an overall 40% risk reduction with a corticoste-
roid-based treatment after an average follow-up of 5 years across
the combined (original and low dose) cohorts. These calculations
assumed annual event rates of 40% decline in eGFR or kidney fail-
ure of 12% in the placebo arm and allowing for up to 10% of par-
ticipants being lost to follow-up or having outcome data unavail-
able. The increase in the detectable treatment effect from a 30% to
a40% relative risk reduction was a pragmatic decision based on a
balance between feasibility, funding, and plausible benefit given
that the interim analysis results suggested the effect size may be as
large as 63% [15].

The trial is event driven and has been designed to continue un-
til at least 160 primary endpoints have been observed with an ex-
pected overall mean follow-up of 5 years. All analyses will be based
on the intention-to-treat principle for all randomized participants,
with every effort made to ensure complete follow-up data are avail-
able.

Wong et al.



Table 1. Baseline characteristic of TESTING participants

Parameter Full-dose Low-dose Testing for Combined
protocol protocol differences protocols
(N=262) (N=241) (N =503)
Age
N 262 241 503
Mean (SD) 38.6 (11.1) 37.2(10.7) 0.1537 37.9(10.9)
Median (IQR) 37.2(29.3;47.3) 35.4(29.0; 45.0) 36.1(29.0; 45.9)
Sex
Female 96/262 (36.6%) 102/241 (42.3%) 0.1925 198/503 (39.4%)
Male 166/262 (63.4%) 139/241 (57.7%) ’ 305/503 (60.6%)
Race
Caucasian/European 8/262 (3.1%) 17/241 (7.1%) 25/503 (5.0%)
Chinese 251/262 (95.8%) 128/241 (53.1%) 379/503 (75.3%)
South Asian 0/262 (0.0%) 63/241 (26.1%) 63/503 (12.5%)
South-East Asian 3/262 (1.1%) 30/241 (12.4%) <0.0001 33/503 (6.6%)
Japanese 0/262 (0.0%) 1/241 (0.4%) 1/503 (0.2%)
Other Eastern Asian 0/262 (0.0%) 1/241 (0.4%) 1/503 (0.2%)
Mixed 0/262 (0.0%) 1/241 (0.4%) 1/503 (0.2%)
BMI
N 262 237 499
Mean (SD) 24.33(4.12) 25.73 (4.88) 0.0005 24.99 (4.55)
Median (IQR) 23.93(21.48; 26.22) 25.10 (22.66; 28.33) ’ 24.34 (21.87;
27.08)
Smoking history
Nonsmoker 197/262 (75.2%) 198/241 (82.2%) 395/503 (78.5%)
Previous smoker 44/262 (16.8%) 22/241 (9.1%) 0.0394 66/503 (13.1%)
Current smoker 21/262 (8.0%) 21/241 (8.7%) 42/503 (8.3%)
Macrohematuria 51/262 (19.5%) 29/241 (12.0%) 0.0228 80/503 (15.9%)
Hypertension history 123/262 (46.9%) 118/241 (49.0%) 0.6512 241/503 (47.9%)
Tonsillectomy history 2/262 (0.8%) 1/241 (0.4%) 0.6122 3/503 (0.6%)
Past systematic corticosteroid therapy 8/262 (3.1%) 20/241 (8.3%) 0.0104 28/503 (5.6%)
Past (other) immunosuppressant therapy 14/262 (5.3%) 15/241 (6.2%) 0.6721 29/503 (5.8%)
Family history of IgA nephropathy 7/262 (2.7%) 5/241 (2.1%) 0.6611 12/503 (2.4%)
Diabetes mellitus 4/262 (1.5%) 13/241 (5.4%) 0.0165 17/503 (3.4%)
Coronary heart disease 5/262 (1.9%) 2/241 (0.8%) 0.3023 7/503 (1.4%)
Stroke 4/262 (1.5%) 2/241 (0.8%) 0.4720 6/503 (1.2%)
Peptic ulcer 2/262 (0.8%) 0/241 (0.0%) 0.1741 2/503 (0.4%)
Heart failure 0/262 (0%) 0/241 (0%) 0/503 (0)
eGFR level
N 261 241 502
Mean (SD) 59.19 (23.64) 66.59 (25.57) 0.0008 62.74 (24.84)
Median (IQR) 55.17 (41.69; 72.36) 61.53 (44.61; 84.40) ’ 58.28 (43.09;
78.96)
Urine protein, g/24 h
N 257 240 497
Mean (SD) 249 (1.44) 2.60 (2.06) 0.4633 2.54(1.76)
Median (IQR) 2.13(1.42; 2.95) 2.02(1.48; 3.05) 2.10(1.45;3.02)
Time since kidney biopsy, months
N 261 241 502
Mean (SD) 12.05 (34.98) 19.88 (31.11) 0.0085 15.81(33.38)
Median (IQR) 5.00 (3.00; 8.00) 6.00 (4.00; 22.00) 5.00 (4.00; 13.00)
Mesangial hypercellularity
MO 104/255 (40.8%) 94/238 (39.5%) 0.7706 198/493 (40.2%)
M1 151/255 (59.2%) 144/238 (60.5%) ’ 295/493 (59.8%)
Segmental glomerulosclerosis
SO 72/255 (28.2%) 85/238 (35.7%) 0.0749 157/493 (31.8%)
S1 183/255 (71.8%) 153/238 (64.3%) ’ 336/493 (68.2%)
The TESTING Study Am J Nephrol
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Table 1 (continued)

Full-dose
protocol
(N=262)

Parameter

Low-dose Testing for Combined
protocol differences protocols
(N =241) (N=503)

Endocapillary hypercellularity
EO 189/262 (72.1%)

E1 73/262 (27.9%)
Tubular atrophy/interstitial fibrosis

TO 94/255 (36.9%)

T1 118/255 (46.3%)

T2 43/255 (16.9%)

187/241 (77.6%) 376/503 (74.8%)

54/241 (22.4%) 01594 127/503 (25.2%)
147/238 (61.8%) 241/493 (48.9%)
69/238 (29.0%) <0.0001 187/493 (37.9%)
22/238 (9.2%) 65/493 (13.2%)

Survival curves and estimated median survival times will be
generated according to the Kaplan-Meier method and compared
using the log-rank test. Cox proportional hazards will be used to
estimate the hazard ratio comparing the 2 intervention groups.
Analyses will be censored at the date when participants died (for
causes other than kidney disease), were lost to follow-up, withdrew
from study, or at the end of trial assessment, whichever occurred
first. The Cox model will include the stratification variables (re-
gion, proteinuria, eGFR, and kidney biopsy findings) as fixed co-
variates. All p values will be 2-sided, and p values <0.05 will be
considered to indicate statistical significance. All analyses will be
performed using the SAS software, version 9.4 (SAS Institute). A
detailed analysis plan has been developed and is available as a pre-
print (https://doi.org/10.31219/0sf.io/d7qrw).

Subgroup Analyses

The homogeneity of the treatment effects on the primary out-
come across specified subgroups will be tested by adding interac-
tion terms to the Cox models, with predefined subgroups includ-
ing steroid dosage regimen (original protocol or reduced dose),
baseline proteinuria (<3.0 vs. 3.0 g/day), baseline estimated GFR
(<50 vs. 250 mL/min per 1.73 m?), endocapillary hypercellularity
on histological scoring (yes or no), and race (Asian vs. non-Asian).
As we believe the subgroup analysis by the steroid dosing regimen
will be important, although power will be limited to assess hetero-
geneity for the primary outcome, we propose to focus on the sub-
group analyses of effects on proteinuria and on eGFR slope if an
overall benefit is observed. Given the limited power to detect in-
teractions, for the dose subgroup (full dose vs. lower dose), differ-
ences in effect sizes will take precedence over the interaction p
value in guiding the interpretation and potential clinical signifi-
cance.

TESTING Steering Committee and Funding Source

TESTING is an investigator-initiated trial funded by Peking
University First Hospital, China, for all China sites; CIHR grant
MOP126078 for sites in Canada, and NHRMC Project grant
APP1042474 for central co-ordination and the remaining sites in
the other participating countries. The study is overseen by a Steer-
ing Committee that designed the study, oversees the conduct of the
trial, and will undertake the analysis and reporting of all data. All
authors will have access to study results. Study drug and some ini-
tial seed funding were provided by Pfizer who have no other role
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in the TESTING trial. Matching placebo is manufactured locally
in China or Australia, packaged and labelled, and distributed to the
sites.

Results

Between May 2012 and November 2019, a total of
950 potentially eligible participants were screened, of
whom 503 (58.6%) were eligible and underwent ran-
domization. This includes 523 potentially eligible par-
ticipants who were screened for the original full-dose
steroid regimen, of whom 262 (48.8%) were eligible and
underwent randomization, as well as 427 potentially el-
igible participants who were screened for the low-dose
protocol, of whom 241 (61.0%) were randomized.
Among the randomized participants, 373 (73.7%) were
from China including Hong Kong, 78 (15.5%) from In-
dia, 24 (4.7%) from Canada, 18 (3.5%) from Australia,
and 10 (1.9%) from Malaysia (Fig. 1). The complete list
of participating sites is provided in online supplemen-
tary Table 2.

The baseline characteristics of the randomized partic-
ipants overall and by steroid treatment regimen (high and
low dose) are shown in Table 1. The mean age was 37.9 +
10.9 years and 60.6% were male. A majority (75.3%) of the
participants were Han Chinese, with smaller proportions
of South Asian (12.5%) and Caucasian (5.0%) ethnicity.
A history of macroscopic hematuria was reported by
15.9% of participants and 2.4% reported a family history
of IgA nephropathy. Nearly half (47.9%) had a history of
hypertension, and other comorbidities were infrequent.
Atbaseline, 53.3% were taking an angiotensin-converting
enzyme inhibitor and 47.5% an angiotensin receptor
blocker. Combined use of angiotensin-converting en-
zyme inhibitors and angiotensin receptor blockers is pro-

Wong et al.



hibited by the protocol to minimize the risk of hyperka-
lemia and/or acute kidney injury.

The mean eGFR at baseline was 62.7 + 24.8 mL/
min/1.73 m?, and the mean 24-h urine protein excretion
was 2.5 + 1.8 g/day. One quarter of the participants had
evidence of endocapillary hypercellularity on kidney bi-
opsy, while about half had evidence of fibrosis and two-
thirds had segmental glomerulosclerosis.

Participants randomized to the full-dose compared to
the low-dose steroid therapy regimen have broadly simi-
lar characteristics. The mean eGFR of the low-dose co-
hort was higher (66.6 vs. 59.2 mL/min/1.73 m?, p < 0.001),
but proteinuria levels (2.5 vs. 2.6 g/day), baseline comor-
bidities, and biopsy findings were broadly comparable.

Discussion

TESTING is the largest randomized trial conducted in
IgA nephropathy to date, having successfully randomized
503 participants, and will determine the long-term effi-
cacy and safety of oral methylprednisolone compared to
matching placebo, on a background of RAS inhibitor
therapy, in high-risk participants with IgA nephropathy.
Although it is clear that high doses of immunosuppres-
sants, such as corticosteroids, carry significant side ef-
fects, corticosteroid therapy in high-risk individuals with
IgA nephropathy remains an area of great interest and
some controversy, largely driven by uncertainty about its
role in eGFR preservation and long-term protection
against kidney failure.

The uncertainty about kidney benefits of corticoste-
roid-based immunosuppression is based on inconsisten-
cy in the available clinical trial-based outcome data. The
STOP IgA trial compared steroid-based immunosup-
pression to placebo in high-risk but well-treated partici-
pants with IgAN and did not show any difference be-
tween groups in its eGFR-based primary outcome of de-
cline of at least 15 mL/min/1.73 m? over time [13]. In
contrast, the interim analyses reported at the time of the
change in protocol for the TESTING study suggested that
the corticosteroid-treated group may have had a lower
risk of a 40% decline in eGFR, kidney failure, or death due
to kidney disease (5.9 vs. 15.9%, HR 0.37, 95% CI: 0.17-
0.85, p = 0.019) and a slower rate of eGFR decline over
time [15]. In this context, the additional data that will be
provided by the final analysis of the TESTING study will
be critical. They will provide increased power to detect
reductions in the risk of a composite kidney outcome
routinely accepted by regulators thus allowing the detec-
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tion of a smaller overall treatment effect (40% risk reduc-
tion) than that suggested by the previously published ef-
fects (63% risk reduction).

It will also provide much longer follow-up than the
previously reported trials, thereby providing critical in-
formation about the timing and long-term durability of
any observed effects. The clinical significance of follow-
up duration in IgAN is exemplified by previous studies in
people with sustained proteinuria between 1 and 2 g/day
where the 10-year risk of 50% eGFR decline or kidney
failure was 24% [22]. However, the short-term risk of
similar clinical outcomes was only 1.1% in 3 years [22,
23].

The TESTING study will also provide key guidance
about the safety of steroid-based regimens when used in
IgA nephropathy. The previously reported interim data
found a significantly increased risk of serious adverse
events in the corticosteroid group (14.7 vs. 3.2%, p = 003)
including 11 serious infections, 2 of which were fatal. The
nearly 5 times higher risk of serious adverse events is a
particularly important finding given that many previous
corticosteroid trials in IgAN have collected and reported
adverse effects inconsistently. The STOP-IgAN trial also
reported a similarly high incidence of severe infections
among the immunosuppression arm (8 vs. 3, p = 0.07,
compared to the control groups), including 1 death in the
combination immunosuppression group. The excess of
serious adverse events (mostly infections) observed in re-
cent studies has changed clinical decision-making as in-
dicated by the most recent KDIGO guidelines in glomer-
ulonephritis for the use of corticosteroids in IgAN. The
KDIGO guidelines in glomerulonephritis 2020 recom-
mend a 6-month course of steroid therapy in individuals
with high-risk IgAN and advised caution particularly in
those who have an eGFR below 50 mL/min/1.73 m? (cur-
rently under public review). The final TESTING study
will provide important data that will help resolve the un-
certainty. In addition to the previously reported risk of
serious adverse events and infections with the full-dose
steroid regimen, the trial will allow at least qualitative
comparison of infection rates with a lower-dose regimen
accompanied by routine antibiotic prophylaxis against P.
jirovecii. These data will allow clinicians to better balance
any potential benefits against the risks associated with
different regimens and help support and guide decision-
making for people with IgA nephropathy.

The TESTING study will allow some comparison of any
observed benefits of steroid therapy between the full-dose
and low-dose regimens. As the primary composite outcome
events are heavily time dependent and the follow-up dura-

Am J Nephrol 7
DOI: 10.1159/000519812



tion of participants randomized to full-dose steroids or pla-
cebo will be substantially longer than those randomized to
low-dose steroids or placebo, the majority of the primary
outcomes is expected to occur in the former group. As such,
it is unlikely that the TESTING study will have sufficient
statistical power to reliably assess interactions by dose;
however, it should provide important insights into the ef-
fects of different steroid therapy on proteinuria reduction
and rate of eGFR loss. While the importance of proteinuria
reduction continues to be debated, subject-level analyses of
data from 13 randomized controlled trials found that short-
term reductions in proteinuria predict meaningful kidney
clinical outcomes (i.e., doubling of serum creatinine level,
kidney failure, and/or death). These analyses support the
use of proteinuria reduction as a surrogate endpoint in IgA
nephropathy trials [24], and regulatory agencies are consid-
ering interim approval of new therapies based on demon-
strated proteinuria reduction in this condition (https://
www.calliditas.se/en/interim-report-q1-2021-3530/).

The relationship between rate of eGFR loss and change
in proteinuria appears to be even more strongly related to
kidney benefits [25]. As a result, any differences in effects
on proteinuria reduction or rate of eGFR loss are likely to
represent real differences in any kidney-protective effects
of steroid therapy.

Despite the promising nature of the reported NEFI-
GAN [26] and NEFIGARD (https://www.calliditas.se/en/
interim-report-q1-2021-3530/) results and several ongo-
ing trials with promising novel agents in IgA nephropa-
thy, the outcomes of the TESTING study remain relevant
because if steroids are shown to be beneficial with accept-
able risk, it would have immediate implications globally,
but especially for low-resource countries - given the rela-
tively low cost of the intervention as compared to the new
agents which are likely to be substantially more expensive
and less accessible for these countries.

A major challenge to the trial design was the early ob-
servation of significant harm associated with full-dose ste-
roid therapy. Following the DSMC report, the TESTING
Steering Committee made changes designed to protect
study participants while maximizing the value of the trial
data that had been collected and could be collected in the
future. All participants still receiving study drug were un-
blinded and were asked to return for an additional study
assessment at which they were informed about the results
that had been observed, and updated informed consent for
ongoing data collection, safety assessment, and additional
information regarding study outcomes was obtained. The
study was then transitioned to an ongoing follow-up phase
for all participants randomized to that time, recognizing
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that the original study design required up to 8 months of
steroid/placebo treatment, but up to 5 years of average fol-
low-up. Based on the data analyses undertaken at the time
to allow actual and potential study participants and their
treating clinicians to be fully informed, with observed re-
sults that suggest a potential benefit of corticosteroid in
high-risk individuals, the Steering Committee made the
decision to continue recruitment with a protocol amend-
ment instituting safety strategy. The safety strategy put in
place included a lower-dose treatment regimen for subse-
quently randomized participants as well as Pneumocystis
jirovecii pneumonia prophylaxis with trimethoprim-sulfa-
methoxazole during the first 3 months. With these modi-
fications, along with changes to the study design, recruit-
ment to the TESTING trial was successfully completed.
Furthermore, the trial population appeared to be com-
parable across the 2 cohorts, supporting cautious com-
parison of treatment effects across the 2 groups. The ob-
served differences between the baseline characteristics of
the high-dose and low-dose TESTING cohorts in BMI,
smoking history, corticosteroid use, and history of diabe-
tes mellitus may reflect the greater numbers of predomi-
nantly Caucasian (Canada) and East Asian (India) popu-
lation in the low-dose cohort. The inclusion criteria of
eGFR >30 mL/min/1.73 m? explain for the baseline eGFR
and tubulointerstitial fibrosis scores. There is comparable
baseline proteinuria and other comorbidities between co-
horts. The final study plan was designed to maximize the
information provided to people with IgA nephropathy
and the broader kidney community, in order to support
data-driven treatment decisions in the future.

Conclusion

Significant uncertainty persists in the role of steroid
therapy in the treatment of IgAN. The TESTING trial will
(1) confirm whether corticosteroid therapy produces
long-term benefits overall, (2) provide important data by
dose regimen on major kidney outcomes in a multiethnic
population, and (3) allow this to be weighed against short-
term complications of therapy. This will allow better in-
formed decision-making for people with high-risk IgA
nephropathy in the future.
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