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ABSTRACT

Background. Few studies have evaluated the treatment of immunoglobulin A nephropathy (IgAN) patients with
nephrotic syndrome (NS) and mesangioproliferative glomerulonephritis (MPGN). The aim of this study was to compare
the therapeutic effects of oral glucocorticoids (GCS) combined with intravenous cyclophosphamide (CTX) and oral GCS
alone in the treatment of the MPGN-IgAN patients with NS.

Methods. Biopsy-proven primary IgAN patients who were aged >14 years at diagnosis, had coexistent NS and MPGN and
estimated glomerular filtration rate (€GFR) >15 mL/min/1.73 m?, and were treated by oral GCS combined with
intravenous CTX or oral GCS alone for 6-12 months were retrospectively included. The patients in the GCS + CTX
(prednisone 0.6-0.8 mg/kg/day and intravenous CTX 0.6-1.0 g monthly) or GCS (prednisone 0.8-1 mg/kg/day) group were
rather matched at a 1:1 ratio on key characteristics by propensity score matching. The primary outcome was defined as
either complete remission or partial remission at Month 24. The secondary outcome was a composite renal endpoint
defined as a 50% decline in eGFR, doubling of serum creatinine or progression to end-stage kidney disease.

Results. Among the 146 IgAN patients who met the inclusion criteria, 42 patients were enrolled in the GCS + CTX group,
and 42 patients were enrolled in the GCS group after propensity score matching. The clinical and histological parameters
were similar between the two groups. Remission occurred more frequently in the GCS + CTX group at Month 6 (88.1% vs
52.4%,P < 0.001), Month 12 (88.1% vs 56.1%, P = 0.001) and Month 24 (85.0% vs 47.5%, P < 0.001) than in the GCS group.
Moreover, subgroup analysis revealed that the higher response rate at Month 24 in the GCS + CTX group than in the GCS
group was also present in different subgroups defined by sex, age, eGFR or Oxford MEST-C. Notably, we found that eGFR
decreased at a lower rate in patients from the GCS + CTX group than in patients from the GCS group [eGFR slope: 0.05
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(-3.09, 3.67) vs —2.56 (-11.30, 0.86) mL/min/1.73 m?/year, P = 0.03]. Based on multivariate Cox regression analysis,

GCS + CTX treatment was found to be independently associated with a decrease in risk for the composite endpoint after
adjusted by the International Risk Prediction Score with race (hazard ratio = 0.17, 95% confidence interval 0.04-0.83,

P = .03). There was no significant difference in adverse events (50.0% vs 42.9%, P = 0.51) or serious adverse events

(7.1% vs 11.9%, P = .71) between the two groups.

Conclusions. Oral GCS combined with intravenous CTX is superior to GCS alone in treating MPGN-IgAN patients
combined with NS. As the retrospective design and small sample size, our findings need to be validated by a prospective
study.

LAY SUMMARY

Immunoglobulin A nephropathy (IgAN) is the leading cause of end-stage renal disease in youth worldwide. Nephrotic
syndrome (NS) is a relatively rare condition in IgAN patients, accounting for approximately 5%-15% of all IgAN
patients. There are two common pathological types of IgAN with NS, minimal-change disease (MCD-IgAN) and
mesangioproliferative glomerulonephritis (MPGN-IgAN). The former has been shown to respond well to
glucocorticoids (GCS) and is suggested to be treated as MCD based on the 2021 KDIGO guidelines. However, the
treatment strategy for the latter is not clear since there have been few studies discussing treatment options for
MPGN-IgAN patients. This is the first study to compare the efficacy and safety of GCS combined with
cyclophosphamide (CTX) versus GCS alone for the treatment in patients with MPGN-IgAN combined with NS. We
found that the combination of GCS and CTX was more effective in reducing urinary protein than GCS alone.
Furthermore, we determined that GCS combined with CTX was associated with a reduced risk of renal function
deterioration in the treatment of MPGN-IgAN patients with NS. Finally, we found there was no significant difference
of adverse events between the two treatment groups. In conclusion, oral GCS combined with intravenous CTX is
superior to GCS alone in treating MPGN-IgAN patients combined with NS. Our study provides important evidence for
the treatment of IgAN patients with NS and MPGN.

GRAPHICAL ABSTRACT

Oral glucocorticoids with intravenous cyclophosphamide or oral
glucocorticoids alone in the treatment of IgA nephropathy present with

Clinical
Kidney . . . . o
Il nephrotic syndrome and mesangioproliferative glomerulonephritis

Nephrotic syndrome (NS) is a relatively rare condition in IgA nephropathy (IgAN). Few studies have evaluated
the treatment of IgAN patients with NS and mesangioproliferative glomerulonephritis (MPGN).

Methods Results
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INTRODUCTION

Immunoglobulin A nephropathy (IgAN) is the most common
type of primary glomerulonephritis and a leading cause of end-
stage kidney disease (ESKD) in youth worldwide. Approximately
15%-40% of IgAN patients develop ESKD gradually and require
renal replacement therapy within 20 years of disease onset
[1, 2]. Clinical and histological manifestations of IgAN are highly
diverse. Asymptomatic urine abnormalities are the most com-
mon clinical manifestation, followed by transient gross hema-
turia (usually after upper respiratory or other types of mucosal
infection) and varying degrees of proteinuria, but nephrotic syn-
drome (NS) is rarely observed. Renal pathology in IgAN patients
is characterized by mesangial cell proliferation and mesangial
matrix hyperplasia; however, other renal injuries, including le-
sions of the glomerulus, tubulointerstitium or small blood ves-
sels, may also be observed. The pathogenesis of IgAN remains
largely unknown, and recent studies indicate that excessive
production of galactose-deficient IgA1 (Gd-IgA1l) is crucially in-
volved in the disease. There is increasing evidence that Gd-IgA1-
producing cells predominantly originate from Peyer’s patches
of gut-associated lymphoid tissues (GALTSs) [3, 4]. This finding
is further supported by the study that showed that budesonide
(Nefecon), a slow-release medication that targets the terminus
of the ileum, has been demonstrated to have a proteinuria-
reducing effect on IgAN patients with a high risk of progression
[5].

NS is a relatively rare condition in IgAN, and occurs in ap-
proximately 5%-15% of all IgAN patients [6-9]. There are two
common pathological types of IgAN that occur in patients with
NS. The first is minimal-change disease (MCD-IgAN), which has
been shown to respond well to glucocorticoids (GCS) and has
a relatively favorable prognosis [10-12]. According to the 2021
KDIGO guidelines, MCD-IgAN should be treated as MCD [13].
The other pathological type is mesangioproliferative glomeru-
lonephritis (MPGN-IgAN), in which patients typically have a
lower estimated glomerular filtration rate (eGFR), more acute le-
sions and worse kidney prognosis unless the resolution of pro-
teinuria is achieved. In an observational study of 1165 MPGN-
IgAN patients [171 (14.7%) with NS], the 5-year renal survival rate
in the NS group (73.1%) was significantly lower than that in the
non-NS group (87.8%) (P < .001), indicating that NS was a predic-
tor of poor renal outcome in MPGN-IgAN patients [6].

Few studies have described treatment options for MPGN-
IgAN patients presenting with NS, and most are based on lim-
ited patient numbers. These studies revealed that GCS therapy
is less effective in patients with MPGN-IgAN than in patients
with MCD-IgAN [14, 15]. In addition, well-designed randomized
clinical trials, such as the TESTING (Effect of oral methylpred-
nisolone on clinical outcomes in patients with IgA nephropathy)
or STOP-IgAN (Supportive versus immunosuppressive therapy
for the treatment of progressive IgA nephropathy) studies, did
not focus on the treatment of IgAN patients with NS or exclude
these patients from study recruitment, resulting in a lack of
evidence on how to treat these patients [16, 17]. GCS therapy
achieved remission rates of approximately 50%-90% for MPGN-
IgAN patients with NS based on previous studies [6-8]. Rasi¢
et al. [18] enrolled 19 MPGN-IgAN patients with NS and observed
that five of six (83.3%) patients treated with oral GCS combined
with intravenous cyclophosphamide (CTX) achieved complete
remission (CR) or partial remission (PR). Moreover, seven of eight
(87.5%) patients treated with oral GCS alone attained CR or PR,
and the remission rates were similar between the two groups.
However, the sample size of the study was very small, and the
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clinical characteristics of patients at baseline and the time to
remission were unknown.

Based on very limited evidence, patients with MPGN-IgAN
are suggested to be managed in the same way as patients at
high risk of progressive IgAN [13]. In this study, we retrospec-
tively compared the efficacy and safety of oral GCS combined
with intravenous CTX and oral GCS alone in the treatment of
MPGN-IgAN and NS and found that oral GCS combined with in-
travenous CTX had better efficacy than and similar safety to
oral GCS alone, which needs further validation in a prospectively
designed study.

MATERIALS AND METHODS
Research ethics statement

This study was approved by the Institutional Review Board
of Ruijin Hospital, Shanghai Jiao Tong University School of
Medicine and was designed in accordance with the principles
of the Helsinki Declaration II. Written informed consent was
obtained from all participants.

Patients

A retrospective study involving patients diagnosed with primary
IgAN at Ruijin Hospital from January 2002 to December 2020 was
conducted. The inclusion criteria were as follows: (i) males or
females at least 14 years old; (ii) primary IgAN diagnosed by a
renal biopsy with histological features of MPGN-IgAN; (iii) the
presence of edema, total urinary protein (U-TP) >3.5 g/24 h and
serum albumin <35 g/L; (iv) the follow-up period was at least
6 months; (v) eGFR >15 mL/min/1.73 m? at the time of biopsy;
and (vi) treatment with GCS + CTX or GCS. The exclusion cri-
teria were as follows: (i) IgAN secondary to a systemic disease,
such as Henoch-Schonlein purpura, systemic lupus erythemato-
sus or active hepatitis B; (ii) renal pathology coexisting with di-
abetic nephropathy, membranous nephropathy or other lesions;
(iii) a proportion of crescent of >50%; (iv) newly diagnosed ma-
lignant tumor (within 3 years) or ongoing chemotherapy, radi-
ation therapy or biological therapy; and/or (v) serum antineu-
trophil cytoplasmic antibody positivity. The recruited patients
in the GCS + CTX or GCS groups were rather matched ata 1:1ra-
tio by propensity score matching (PSM) based on age, sex, U-TP,
eGFR, mean arterial pressure (MAP) and MEST-C score (Fig. 1).

Data collection

Demographic data, including sex and age at biopsy, were col-
lected. Clinical parameters that were collected included MAP, U-
TP, serum albumin, serum creatine (Scr) and eGFR. Hypertension
was diagnosed if systolic blood pressure >140 mmHg and/or di-
astolic blood pressure >90 mmHg. The Chronic Kidney Disease
Epidemiology Collaboration formula was used to calculate eGFR
[19]. The histological findings were graded according to the his-
tological grading criteria of the Oxford classification of IgAN [20].

Treatment

Patients from the GCS group were taking prednisone at a dose
of 0.8-1 mg/kg per day (>30 mg/day), which was tapered off
over the course of 6-8 months. Patients from the GCS + CTX
group were treated with intravenous CTX (0.6-1.0 g monthly
for 8-12 months, accumulated dose >6-8 g) combined with oral
prednisone at a dose of 0.6-0.8 mg/kg per day (>25 mg/day).
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2,802 patients with
biopsy-proven IgAN
(2002-2020)

Inclusion criteria:

* Age > 14years old

« Histological features as MPGN

» Edema, U-TP > 3.5g/24h, and Alb < 35¢g/L

* Available follow-up data for at least 6 months
* eGFR = 15ml/min/1.73 m?

* Treated with GCS+CTX or GCS

164 MPGN-IgAN with NS
received GCS+CTX
or GCS therapy

Exclusion criteria:

* Active hepatitis B (n=8)

» Coexistance with diabetic nephropathy (n=2)
or membranous nephropathy (n=2)

* Proportion of crescent > 50%

* Newly diagnosed malignant tumor
(within 3 years) (n=4)

» Serum ANCA positivity (n=0)

Patient flow

146 MPGN-IgAN with NS
received GCS+CTX (n=101)
or GCS (n=45) therapy

Propensity score matching

GCS+CTX group (n=42)
GCS group (n=42)

Figure 1: Study recruitment flowchart. Alb, serum albumin; ANCA, Anti-neutrophil cytoplasmic antibodies.

The patients were followed up monthly until they were given
other immunosuppressive agents.

Definition

NS was defined as the presence of edema, U-TP >3.5 g/24 h and
serum albumin <35 g/L [7, 9]. CR was defined as U-TP <0.3 g/24 h
and a decline in eGFR <25% compared with baseline. PR was de-
fined as a >50% reduction in U-TP compared with baseline, U-TP
<3.5 g/24 h and a decline in eGFR <25%. No response (NR) was
defined as a <50% reduction in U-TP or U-TP >3.5 g/24 h after
treatment. The renal endpoint was defined as either a 50% de-
cline in eGFR or a doubling of Scr, or ESKD. The degree of renal
interstitial inflammation was classified as none/mild (0%-25%),
moderate (26%-50%) or severe (>50%).

Statistical analyses

Normally distributed data are presented as the mean =+ standard
deviation, and nonparametric data are presented as the median

and interquartile range. Student’s t-test was used to compare
the continuous parameters for normally distributed data, and
the Mann-Whitney U test was used for skewed data. The chi-
square test was used to compare categorical data. PSM was used
to adjust for the differences in clinical and histological param-
eters between the two groups. Matching was performed using
1:1 matching (the nearest-neighbor matching method with a 0.2
caliper width) based on age, sex, U-TP, eGFR, MAP and MEST-C
score. The cumulative renal survival rate until progression to a
combined event was calculated and compared by the Kaplan-
Meier method and log-rank test. Cox regression models were
built to identify independent risk factors for renal endpoints.
The proportional hazard assumption for the selected variables
retained in the final model was originally checked by log minus
log plots baseline hazard ratio (HR). A P-value <.05 was consid-
ered statistically significant. Statistical analyses were performed
using SPSS 26.0 (SPSS Inc., Chicago, IL, USA). GraphPad Prism Ver-
sion 6 software (GraphPad Software, San Diego, CA, USA) was
used for diagram preparation.
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Table 1: Baseline characteristics of the recruited IgAN patients treated with GCS + CTX or GCS after PSM.

Variables

GCS + CTX group (n = 42)

GCS group (n = 42)

Onset age (years)
Diagnosed age (years)
Male, n (%)
BMI (kg/m?)
MAP (mmHg)
Follow-up time (months)
Hb (g/L)
Scr (pmol/L)
eGFR (mL/min/1.73 m?)
Alb (g/L)
U-TP (g/24 h)
Hypertension, n (%)
Diabetes, n (%)
ACEI/ARB, n (%)
Starting dose of GCS (mg)
Cumulative dose of CTX (g)
Oxford classification, n (%)
M1
El
S1
T1+ T2
Cl+C2
Glomerular sclerosis (>25%), n (%)
Interstitial inflammation (>25%), n (%)

323 4 14.1 317 +£11.8
36.1+12.9 33.9 +£12.0
18 (42.9) 20 (47.6)
235 +4.2 237 £3.6
98.1+12.3 99.8 + 13.4
32.3 (24.3,53.1) 26.0 (9.9, 46.4)
124.1 +19.8 127.3 +17.2

99.0 (73.5, 155.0)
67.8 (42.7,99.5)
28.0 (22.8,29.0)

103.0 (82.3, 148.5)
66.7 (45.0, 96.2)
29.0 (26.0, 30.0)

4.9(4.0,6.3) 4.6(3.9,5.5)

22 (52.4) 18 (42.9)
3(7.1) 2(4.8)
36 (85.7) 35 (83.3)
40.0 (38.8, 50.0) 50.0 (40.0, 55.0)"

6.4 (4.8,8.0) 0
23 (54.8) 28 (66.7)
21 (50.0) 21 (50.0)
38 (90.5) 40 (95.2)
20 (47.6) 14 (33.3)
30 (71.4) 23 (54.8)
16 (38.1) 14 (33.3)
24 (57.1) 16 (38.1)

Normally distributed data are presented as mean + standard deviation , and nonparametric data are presented as median (interquartile range).
ACEI, angiotensin-converting enzyme inhibitor; Alb, serum albumin; ARB, angiotensin-receptor blocker; BMI, body mass index; C, crescents; E, endocapillary hypercel-
lularity; Hb, hemoglobin; M, mesangial hypercellularity; S, segmental glomerulosclerosis or adhesion; T, tubular atrophy/interstitial fibrosis.

*P < 0.05.

RESULTS
Baseline characteristics

There were 84 patients recruited and assigned to either
GCS + CTX (N = 42) or GCS (N = 42) groups at a 1:1 ratio by
PSM based on age, sex, eGFR, MAP, U-TP and MEST-C score by Ox-
ford classification (Fig. 1). The baseline characteristics of the two
groups are shown in Table 1. Patients from the GCS group and
patients from the GCS + CTX group had similar baseline clini-
cal and pathological characteristics, including onset age, male
ratio, body mass index, MAP, hemoglobin, eGFR, U-TP, coexis-
tence with diabetes, usage of angiotensin-converting enzyme
inhibitor/angiotensin-receptor blocker , and Oxford M1, E1, S1,
T1/2 and C1/2. In addition, the starting dose of prednisone in
the GCS + CTX group was lower than that in the GCS group
(40 mg/day vs 50 mg/day, P < .05). The initiating dosage of GCS
and cumulative dosage of CTX of the recruited IgAN patients
treated with GCS + CTX or GCS are shown in Supplementary
data, Table S1.

The baseline characteristics of 146 MPGN-IgAN patients be-
fore PSM are also shown in Supplementary data, Table S2. The
excluded patients (N = 62) had lower hemoglobin (116.7 + 18.6
vs 125.7 & 18.5, P = .004), eGFR [35.0 (26.0, 47.3) vs 66.7 (43.0, 97),
P < .001], higher percentage of T1/2 (79.0% vs 40.5%, P < .01),
more moderate/severe glomerular sclerosis (58.1% vs 35.7%,
P = .007) and more moderate/severe interstitial inflammation
(79.0% vs 47.6%, P < .001) than patients included in the study
(Supplementary data, Table S3). The jitter of propensity score
distribution before and after matching is shown in Supplemen-
tary data, Fig. S1.

Table 2: Remission rates of the GCS + CTX and GCS group at Months
6,12 and 24.

Remission rate GCS + CTX group GCS group P-value
Month 6, n (%) n=42 n=42
CR 5(11.0) 3(7.1) 71
PR 32 (76.2) 19 (45.2) 004
CR + PR 37 (88.1) 22 (52.4) <.001
Month 12, n (%) n=42 n=41
CR 10 (23.8) 7 (17.1) 45
PR 27 (64.3) 16 (39.0) 02
CR + PR 37 (88.1) 23 (56.1) .001
Month 24, n (%) n =40 n =40
CR 13 (32.5) 4(10.0) 01
PR 21 (52.5) 15 (37.5) .18
CR + PR 34 (85.0) 19 (47.5) <.001

Treatment and proteinuria response

Among all 84 MPGN-IgAN patients, the remission rate (CR + PR)
was higher in the GCS + CTX group than in the GCS group at
Month 6 (88.1% vs 52.4%, P < .001), Month 12 (88.1% vs 56.1%,
P = .001) and Month 24 (85.0% vs 47.5%, P < .001). In addition,
the CR rate in the GCS + CTX group increased over time and
was significantly higher than that in the GCS group at Month 24
(32.5% vs 10.0%, P = .01) (Table 2). Subgroup analysis showed that
the higher response rate at Month 24 in the GCS + CTX group
than in the GCS group was similar in different subgroups defined
by sex, age, eGFR or Oxford MEST-C (Fig. 2).
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GCS+CTX GCS
Subgroup group group OR (95%CI) Interaction
(P value)
Overall 34/40 (85.0%) 19/40 (47.5%) —a— 6.26 (2.16-18.20) **
Gender 0.60
Male 16/18 (88.9%) 9/19 (47.4%) ——&— 8.89 (1.59-49.83) *
Female 18/22 (81.8%) 10/21 (47.6%) — 4.95 (1.24-19.70) *
Age, yr 0.91
<30 11/14 (78.6%)  6/17 (35.3%) —a—  6.72 (1.33-33.91)*
>30 23/26 (88.5%)  13/23 (56.5%) —— 5.90 (1.37-25.36) *
eGFR, ml/min/1.73m? 0.50
<60 14/17 (82.4%) 917 (52.9%) H—=—— 4.15 (0.86-19.92)
260 20/23 (87.0%) 10/23 (43.5%) ——a—— 8.67 (2.00-37.58) **
Oxford-M 0.51
0 18/19 (94.7%) 8/13 (61.5%) ——a—  5.31(1.13-33.54)*
1 16/21 (76.2%)  11/27 (40.7%) —— 4.66 (1.32-16.48) *
Oxford-E 0.99
0 16/21 (76.2%) 8/21 (38.1%) —.— 4.06 (1.12-14.80) *
1 18/19(94.7%) 11/19 (57.9%) ——a—— 6.18 (1.10-34.70) *
Oxford-S 0.99
0 3/3 (100.0%) 1/2 (50.0%) Not evaluated
1 31/37 (83.8%) 18/38 (47.4%) — 5.74 (1.95-16.93) **
Oxford-T 0.89
0 17/20 (85.0%) 12/26 (46.2%) ——a——  6.61(1.55-28.17)*
1 17/20 (85.0%) 7/14 (50.0%) — 5.67 (1.13-28.45) *
Oxford-C 0.49
0 8/12 (66.7%) 6/18 (33.3%) +—=W— 4.00 (0.85-18.84)
1 26/28 (92.9%) 13/22 (59.1%) ——a—— 9.00 (1.69-47.84) **
0!5 1 é 2|5 5|0

Figure 2: Logistic regression to compare the remission rates of the GCS + CTX vs GCS group at Month 24 according to subgroup analyses. Number of individuals,
events, odd ratios (ORs), 95% ClIs and P-values are shown for the GCS + CTX vs GCS treatment. Subgroup analysis was conducted by first restricting the population
(e.g. considering only male patients). The same analysis (the main analysis for overall patients) was then applied to each subgroup. Notes: the patients in SO group
were too small to evaluated. C, crescents; E, endocapillary hypercellularity; M, mesangial hypercellularity; S, segmental glomerulosclerosis or adhesion; T, tubular
atrophy/interstitial fibrosis. *P < .05; P < .01.

Furthermore, we found that the reduction in U-TP in patients

from the GCS + CTX group was greater at Month 6 [-3.4 (-4.9, -
3.0) vs —2.8 (-3.8,-1.5) g/24 h, P = .001], Month 12 [-4.1 (-5.3, -3.2)
vs —2.9 (4.2, -1.8) g/24 h, P = .001] and Month 24 [-3.9 (-5.0, -3.0)
vs —2.6 (-3.8, -1.6) g/24 h, P = .001] than that in patients from
the GCS group (Fig. 3a). The trend of greater reduction in U-TP
in the GCS + CTX group than in the GCS group was similar in
different subgroups defined by sex (Fig. 3b and c) and age (Fig. 3d
and e).

In addition, 58 patients met the criteria of having U-TP
>3.5 g/24 h and Alb <30 g/L. Among them, 33 patients were
treated with GCS + CTX, and 25 patients were only treated
with GCS. Baseline clinical and pathological characteristics
were similar between the two groups (Supplementary data,
Table S4). Similarly, the remission rate (CR 4+ PR) was higher in
the GCS + CTX group than in the GCS group at Month 6 (84.8%

vs 52.0%, P = .01), Month 12 (87.9% vs 54.2%, P = .004) and Month
24 (87.1% vs 47.8%, P = .002) (Supplementary data, Table S5).

Kidney function progression

During the follow-up period, 2/42 (4.8%) in the GCS + CTX group
and 8/42 (19.0%) in the GCS group reached the composite end-
point. According to the Kaplan-Meier analysis, the overall 5-
year endpoint-free rate of patients from the GCS + CTX group
was higher than that of patients from the GCS group (90.9% vs
51.7%, P = .02) (Fig. 4a). We further compared the rate of annual
eGFR decline in the two groups and the results indicated that
eGFR decreased at a lower rate in patients from the GCS + CTX
group than in patients from the GCS group [eGFR slope: 0.05
(-3.09, 3.67) vs -2.56 (-11.30, 0.86) mL/min/1.73 m2/year, P = .03]
(Fig. 4b). The univariable Cox regression analysis showed that
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Figure 3: Change of U-TP in whole cohort and different subgroups during the follow-up period. (a) Change of U-TP in whole cohort; (b) change of U-TP in male patients;
(c) change of U-TP in female patients; (d) change of U-TP in patients of age <30 years; (e) change of U-TP in patients of age >30 years. The dots represent the median
value of change in U-TP (A U-TP); The bars represent the 25th and 75th percentiles. *P < .05; *P < .01.

GCS + CTX treatment was associated with a lower risk for renal
function progression at 5 years than GCS treatment [Model 1,
HR = 0.20, 95% confidence interval (CI) 0.04-0.93]. Based on mul-
tivariate Cox regression analysis, unlike GCS treatment alone,
GCS + CTX treatment was independently associated with a de-
crease in risk for the composite endpoint after adjusting for age
and sex (Model 2, HR = 0.18, 95% CI 0.04-0.90) and when using
the full model International Risk Prediction Score without race
(Model 3, HR = 0.20, 95% CI 0.04-0.94) and with race (Model 4,
HR = 0.17, 95% CI 0.04-0.83) (Table 3) [21].

The proportional hazard assumption for therapy variable
was checked by log(-log) plot (Supplementary data, Fig. S2). Two
survival curves roughly parallel to examine the role of the risk
factor for survival of the proportion of change in different time
points, and two groups (CS and CS + CTX group) had equally

proportional changes in survival risk, which did not change over
time.

Safety and adverse events

Total adverse event (AE) rates were similar between the
GCS + CTX and GCS groups [50.0% (21 of 42) vs 42.9% (18 of 42),
P = .51], and there was no difference in severe AEs between the
two groups [7.1% (3 of 42) vs 11.9% (5 of 42), P = .71; Table 4].
The types of infections reported in the two groups included up-
per respiratory tract infection (21.4% vs 19.0%, P = .79), infec-
tion with varicella zoster virus (2.4% vs 0.0%, P = 1.00), fungal
infection of tinea pedis (7.1% vs 0.0%, P = .24) and urinary tract
infection (14.3% vs 4.8%, P = .28). No deaths occurred in either
treatment group.
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Figure 4: Kaplan-Meier survival analysis of the combined event and eGFR annual change rates during the follow-up period in the GCS + CTX and GCS group. (a)
Kaplan-Meier survival analysis of the combined event (>50% decline of eGFR, doubling of Scr or progression to ESKD) for patients in GCS + CTX and GCS groups during
the 5 years’ follow-up; (b) box plots overlaid with scatterplots of eGFR annual change rates during the follow-up period in the GCS + CTX and GCS group. *P < .05.

Table 3: Cox proportional hazards analysis for the association be-
tween the therapy (GCS + CTX versus GCS) and renal survival in
IgAN patients during 5 years.

No. of No. of renal
individuals events HR (95% CI) P-value
Model 1 84 10 0.20 (0.04-0.93)  .041*
Model 2 84 10 0.18 (0.04-0.90) .036"
Model 3 84 10 0.20 (0.04-0.94)  .041*
Model 4 84 10 0.17 (0.04-0.83) .028*

Model 1 was unadjusted;

Model 2 was adjusted for age and sex;

Model 3 was adjusted for risk scores calculated by the full model without race of
international risk prediction in IgAN;

Model 4 was adjusted for risk scores calculated by the full model with race of
international risk prediction in IgAN.

The patients were followed up after the diagnosis was made by renal biopsy. The
event was a 50% decline of eGFR, doubling of Scr or progression to ESKD.

*P < 0.05.

DISCUSSION

NS is a rare clinical condition in patients with IgAN. Previous
studies have revealed that IgAN patients with NS are at an in-
creased risk for disease progression if clinical remission cannot
be achieved [22, 23]. Patients with IgAN-related NS usually have
two common pathologic types, MCD and MPGN, which have dif-
ferent response rates to GCS therapy and risks for ESKD. MCD-
IgAN has been shown to respond well to GCS and should be
treated as MCD according to the 2021 KDIGO guidelines [13]. Un-
like MCD-IgAN, the treatment strategy for patients with MPGN-
IgAN with NS is not clear, and nephrologists are often required to
treat them empirically. To the best of our knowledge, this is the
first study to compare the efficacy and safety of GCS combined
with CTX versus GCS alone for the treatment of MPGN-IgAN pa-
tients with NS. In this study, we found that the combination of
GCS and CTX was more effective in reducing urinary protein and
was associated with a decreased risk for renal function progres-
sion than GCS alone in the treatment of MPGN-IgAN patients
with NS. Furthermore, we found that patients who received a

combination of GCS and CTX had less GCS exposure, and the
treatment had good tolerability.

A considerable portion of IgAN patients develop the disease
after upper respiratory or gastrointestinal infections, suggesting
that mucosal infections play an important role in IgAN patho-
genesis [24, 25]. It has been proposed that excessive intestinal
production of Gd-IgAl due to abnormal intestinal mucosal im-
munity plays a key role in disease pathogenesis [26]. This hy-
pothesis has now been further confirmed by the targeted-release
budesonide versus placebo in patients with IgA nephropathy
(NEFIGAN) study on Nefecon, a novel targeted release formu-
lation of budesonide designed to deliver the drug to the distal
ileum in IgAN patients. The NEFIGAN study, which is a phase II
clinical study of Nefecon, showed that Nefecon can further re-
duce proteinuria on the basis of renin-angiotensin-aldosterone
system inhibitor (RASi) therapy. Notably, the adverse effects as-
sociated with Nefecon were similar to those in the placebo con-
trol group and showed a favorable safety profile [5]. Most re-
cently, the results of Part A of the phase 3 efficacy and safety
of Nefecon in patients with primary IgA nephropathy (NeflgArd)
trial were released. The NeflgArd trial tested the efficacy and
safety of 9 months of treatment with Nefecon (16 mg/day) versus
placebo in IgAN patients. At 9 months after treatment initiation
(Part A), the 24-h urine protein-to-creatinine ratio was 27% lower
and eGFR decline was 3.87 mL/min/1.73 m? slower in the Nefe-
con group than in the placebo group, and the treatment was well
tolerated [27].

Unlike intestinal local steroid therapy, the use of systemic
steroid therapy in IgAN patients has been highly controversial.
Two important studies focusing on the efficacy and safety of
steroid therapy were conducted in Europeans (STOP-IgAN study)
and in a predominantly Asian population (TESTING study). Al-
though the two studies failed to reach an agreement on whether
steroids can further inhibit renal function progression on the ba-
sis of RASI therapy and strict blood pressure control, both stud-
ies found that steroids could increase the risk of infection, es-
pecially serious infections in IgAN patients, which caused the
early termination of the TESTING study [16, 17]. Thereafter, the
TESTING study changed the regimen to reduce the dose of oral
steroids from moderate doses (0.6-0.8 mg/kg/day) to low doses
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Table 4: Summary of adverse events.
GCS + CTX group (n = 42) GCS group (n = 42) P-value

Total SAEs, n (%) 3(7.1) 5(11.9) 71
Pneumonia 1(2.4) 3(7.1) .61
Osteonecrosis of the femoral head 1(2.4) 0(0) 1.00
Newly diagnosed diabetes 1(2.4) 2 (4.8) 1.00
Total AEs (including SAEs), n (%) 21 (50.0) 18 (42.9) 51
Infections 18 (42.9) 12 (28.6) 17
Pneumonia 1(2.4) 3(7.1) .61
Upper respiratory tract infection 9 (21.4) 8(19.0) 79
Varicella zoster virus 1(2.4) 0(0) 1.00
Fungal infection of tinea pedis 3(7.1) 0 (0) .24
Urinary tract infection 6 (14.3) 2 (4.8) .28
Osteoporosis 1(2.4) 2 (4.8) 1.00
Increase of liver enzymes 4(9.5) 0(0) 12
Menstrual abnormalities 2 (4.8) 0 (0) 47
Thrombocytopenia 1(2.4) 0(0) 1.00
Insomnia 0 (0) 1(2.4) 1.00
Gastrointestinal symptoms 0(0) 3(7.1) 24

Multiple occurrences of the same AE in one person were only counted once. P-value for comparisons between the number of patients in the GCS + CTX group and the

number of patients in the GCS group.
SAE, serious adverse event.

(0.4 mg/kg/day) and found that low doses of steroids had a sim-
ilar effect on slowing renal function progression while signifi-
cantly reducing infection-related AEs [28]. Notably, neither of the
studies focused on the treatment of IgAN patients with NS and
even excluded them from the study, resulting in a lack of evi-
dence for immunosuppressive treatment in this subset of IgAN
patients.

An observational study from China revealed that MPGN-IgAN
patients with NS had more severe renal histopathological le-
sions than non-NS IgAN patients, including more endocapil-
lary hypercellularity (E1 17% vs 3.6%), interstitial fibrosis (T1/2
38.6% Vs 25.2%) and crescents (C1/2 37.4% vs 26.8%), but less seg-
mental glomerulosclerosis or adhesion (S1 49.7% vs 59.7%) and
global sclerosis (G 75.4% vs 81.9%), resulting in more renal end-
points in the MPGN-IgAN group than in the non-NS IgAN group
(29.8% vs 15.8%) after an average follow-up of 44 months [6].
These results suggest that MPGN-IgAN patients with NS should
be treated more aggressively since patients usually have more
severe clinical-histological presentations and a higher risk of
progression to renal failure. RASi therapy is recognized as the
standard treatment for IgAN, which is obviously not sufficient
for patients presenting with NS [29, 30]. Although clinicians pre-
fer to use immunosuppressive therapy for these patients, treat-
ment is often empirical, and it is unclear how to choose between
the use of GCS alone and GCS in combination with immunosup-
pressants.

In this study, we focused on the efficacy and safety of im-
munosuppressive therapy in patients with MPGN-IgAN with NS.
The strategy of the combination of GCS and CTX used in our
study is consistent with the treatment strategy used in a study
by Ballardie and Roberts [31]. We found that patients treated
with GCS combined with intravenous CTX therapy had a higher
remission rate than those treated with GCS monotherapy at
Month 6 (88.1% vs 52.4%, P = .001), Month 12 (88.1% vs 56.1%,
P = .001) and Month 24 (85.0% vs 47.5%, P = .001). In addi-
tion, we also performed a sensitivity analysis by excluding IgAN
patients with Alb >30 g/L, and similar results were obtained.
Moreover, subgroup analysis once again confirmed that GCS
combined with CTX was more effective than GCS monotherapy
in different populations. Furthermore, there was no difference

between the GCS + CTX and GCS groups in terms of total AEs
[50% vs 42.9%, P = .51]. Additionally, the two groups had similar
infection-related AEs; although the infection rate was slightly
higher in the GCS + CTX group, the difference was not statisti-
cally significant, and the majority of AEs were upper respiratory
and urinary tract infections that were cured after anti-infection
treatment. Although we found no difference in infection-related
adverse events between the two groups, steroid and immuno-
suppressant therapy should be applied very carefully in IgAN
patients. Both the TESTING and STOP-IgAN studies have deter-
mined that steroids can lead to more infection-related adverse
events than conservative therapy. In addition, most of our pa-
tients were young. Among 84 patients, only 3 were older than
60 years. Thus, our findings need to be validated in older IgAN
patients before they can be applied in those patients. Never-
theless, the adverse effect of immunosuppressants for IgAN pa-
tients cannot be ignored, and the immune system and potential
infection should be carefully evaluated before initiating those
treatments.

Previous studies reported that CTX was more effective in
IgAN patients with active renal lesions, particularly in patients
with crescents. In a small sample size study based on 20 IgAN
patients with diffuse mesangial proliferation and crescent for-
mation, 12 patients were given oral GCS combined with oral
CTX (1.5 mg/kg/day) for 8 weeks, and another 8 patients did
not receive immunosuppressive therapy. The authors reported
a higher 5-year renal survival rate in the GCS + CTX group than
in the control group (91.6% vs 37.5%, P = .01) [32]. This study sug-
gests that for IgAN patients with active renal lesions, GCS + CTX
may be more effective in delaying disease progression than non-
immunosuppressive therapy. In our study, we compared the
benefit of GCS + CTX with that of GCS alone in different sub-
groups of patients with or without crescents, and found that the
benefit of GCS + CTX treatment was higher in IgAN patients with
crescents than in patients without crescents, but the interac-
tion analysis did not suggest that the difference was statistically
significant.

The main limitations of our study are as follows. First, it used
a retrospective study design. To reduce the influence of poten-
tial confounding factors on the results, we used PSM to balance
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the major confounders, including age, sex, blood pressure, urine
protein, renal function and Oxford MEST-C. However, the impact
of other potential confounders on the results cannot be ruled
out. Second, due to the retrospective nature of this study, not all
patients were treated with the same treatment protocols regard-
ing dose, duration and tapering. Prospective design studies are
needed to validate our findings in the future. Third, not all the
patients in this study received optimized supportive care with
RASI for at least 3 months prior to immunosuppression ther-
apy initiation since some of them had severe edema at renal
biopsy, and it was necessary to start immunosuppressant ther-
apy as soon as possible to relieve nephrotic syndrome in a timely
manner. Finally, the number of cases in this study was relatively
small, especially after PSM pairing, which further reduced the
limited number of cases. Considering that NS, especially MPGN-
related NS, is very rare in patients with IgAN, our cohort re-
mains the largest case-control study in this field to date, provid-
ing important evidence for the treatment of IgAN patients with
clinical manifestations of NS and pathological manifestations
of MPGN.

In conclusion, we found that oral GCS combined with intra-
venous CTX was more effective than oral GCS alone and had
similar safety in the treatment of MPGN-IgAN patients with
NS. However, prospective studies are needed to confirm these
findings.
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ACKNOWLEDGEMENTS

We are grateful to all patients and medical staff who participated
in this project.

FUNDING

The study was supported by grants from the Major International
(Regional) Joint Research Program of China (No: 82120108007),
the National Natural Science Foundation of China (No: 81870460,
81570598, 81370015, 81900656, 82270739), “Excellent Academic
Leader” by Shanghai Science and Technology Commission
(No: 21XD1402000), Science and Technology Innovation Action
Plan of Shanghai Science and Technology Committee (No:
22140904000, 17441902200), Shanghai Municipal Education
Commission, Gaofeng Clinical Medicine Grant (No: 20152207),
Shanghai Shenkang Hospital Development Center “Three-
year Action Plan for Promoting Clinical Skills and Clinical
Innovation in Municipal Hospitals” (No: SHDC2020CR6017),
Shanghai Jiao Tong University School of Medicine, Multi-
Center Clinical Research Project (No: DLY201510), Shanghai
Jiao Tong University School of Medicine, Integrated Tradi-
tional Chinese and Western Medicine Research Platform
(No: 2022zxy003), Shanghai Health and Family Planning
Committee Hundred Talents Program (No: 2018BR37), Shang-
hai Jiao Tong University “Jiaotong Star” Plan Medical En-
gineering Cross Research Key Project (No: YG2019ZDA18,
YG2019QNA37) and Shanghai Municipal Key Clinical Specialty
(No: shslczdzk02502). No funding bodies had any role in study
design, data collection and analysis, decision to publish, or
preparation of the manuscript.

AUTHORS’ CONTRIBUTIONS

Study conception and design:J.X., Y.0., W.D. and Z.C.; data acqui-
sition: W.D,, Z.C., Z.F, J.L., Q.Z.,, LX., HY. and Q.W.; data analysis
and interpretation: W.D., Z.C., Z.F,, X.G., H.S,, H.R. and W.W; sta-
tistical analysis: W.D., Z.C., X.G. and Z.W.; overall supervision and
mentorship: J.X. and Y.O. Each author contributed important in-
tellectual content during manuscript drafting or revision accepts
accountability for the overall work by ensuring that questions
pertaining to the accuracy or integrity of any portion of the work
are appropriately investigated and resolved. All authors read and
approved the final manuscript.

CONFLICT OF INTEREST STATEMENT

None declared.

DATA AVAILABILITY STATEMENT

All data included in this study are available upon request by
contact with the corresponding author.

REFERENCES

1. Barratt ], Feehally J. IgA nephropathy. ] Am Soc Nephrol
2005;16:2088-97. https://doi.org/10.1681/ASN.2005020134

2. Barbour SJ, Reich HN. Risk stratification of patients with IgA
nephropathy. Am]J Kidney Dis 2012;59:865-73. https://doi.org/
10.1053/j.ajkd.2012.02.326

3. Barratt J, Rovin BH, Cattran D et al. Why target the gut to
treat IgA nephropathy? Kidney Int Rep 2020;5:1620-4. https://
doi.org/10.1016/j.ekir.2020.08.009

4. Ortwijn BD, Rastaldi MP, Roos A et al. Demonstration of se-
cretory IgA in kidneys of patients with IgA nephropathy.
Nephrol Dial Transplant 2007;22:3191. https://doi.org/10.1093/
ndt/gfm346

5. Fellstrom BC, Barratt J, Cook H et al. Targeted-release budes-
onide versus placebo in patients with IgA nephropathy
(NEFIGAN): a double-blind, randomised, placebo-controlled
phase 2b trial. Lancet 2017;389:2117-27. https://doi.org/10.
1016/S0140-6736(17)30550-0

6. HanX,XiaoY,TangY etal. Clinical and pathological features
of immunoglobulin A nephropathy patients with nephrotic
syndrome. Clin Exp Med 2019;19:479-86. https://doi.org/10.
1007/s10238-019-00580-9

7. Kim JK, Kim JH, Lee SC et al. Clinical features and out-
comes of IgA nephropathy with nephrotic syndrome. Clin
J Am Soc Nephrol 2012;7:427-36. https://doi.org/10.2215/CJN.
04820511

8. Moriyama T, Nakayama K, Iwasaki C et al. Severity of
nephrotic IgA nephropathy according to the Oxford classi-
fication. Int Urol Nephrol 2012;44:1177-84. https://doi.org/10.
1007/s11255-011-0109-5

9. Han SH, Kang EW, Park JK et al. Spontaneous remission
of nephrotic syndrome in patients with IgA nephropa-
thy. Nephrol Dial Transplant 2011;26:1570-5. https://doi.org/
10.1093/ndt/gfq559

10. Qin J, Yang Q, Tang X et al. Clinicopathologic features and
treatment response in nephrotic IgA nephropathy with min-
imal change disease. Clin Nephrol 2013;79:37-44. https://doi.
org/10.5414/CN107682

11. Wang J, Juan C, Huang Q et al. Corticosteroid therapy in
IgA nephropathy with minimal change-like lesions: a


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad164#supplementary-data
https://doi.org/10.1681/ASN.2005020134
https://doi.org/10.1053/j.ajkd.2012.02.326
https://doi.org/10.1016/j.ekir.2020.08.009
https://doi.org/10.1093/ndt/gfm346
https://doi.org/10.1016/S0140-6736\relax \setbox \z@ \hbox {\color@begingroup (\endgraf \endgroup }\ht \z@ \z@ \dp \z@ \z@ \box \z@ 17\relax \setbox \z@ \hbox {\color@begingroup )\endgraf \endgroup }\ht \z@ \z@ \dp \z@ \z@ \box \z@ 30550-0
https://doi.org/10.1007/s10238-019-00580-9
https://doi.org/10.2215/CJN.04820511
https://doi.org/10.1007/s11255-011-0109-5
https://doi.org/10.1093/ndt/gfq559
https://doi.org/10.5414/CN107682

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

GCS with IV CTX or oral GCS for MPGN-IgAN patients with NS |

single-centre cohort study. Nephrol Dial Transplant
2013;28:2339-45. https://doi.org/10.1093/ndt/gft211

Li XW, Liang SS, Le WB et al. Long-term outcome of IgA
nephropathy with minimal change disease: a compari-
son between patients with and without minimal change
disease. J Nephrol 2016;29:567-73. https://doi.org/10.1007/
$40620-015-0242-9

Kidney Disease: Improving Global Outcomes (KDIGO)
Glomerular Diseases Work Group. KDIGO 2021 Clinical
Practice Guideline for the Management of Glomerular
Diseases. Kidney Int 2021;100:5S1-276.

Lai KN, Mac-Moune Lai F, Li PK et al. The clinicopathological
characteristics of IgA nephropathy in Hong Kong. Pathology
1988;20:15-9. https://doi.org/10.3109/00313028809085190
Kim SM, Moon KC, Oh KH et al. Clinicopathologic character-
istics of IgA nephropathy with steroid-responsive nephrotic
syndrome. ] Korean Med Sci 2009;24:544-9. https://doi.org/10.
3346/jkms.2009.24.51.544

Lv J, Zhang H, Wong MG et al. Effect of oral methyl-
prednisolone on clinical outcomes in patients with IgA
nephropathy: the TESTING randomized clinical trial.
JAMA 2017;1318:432-42. https://doi.org/10.1001/jama.2017.
9362

Rauen T, Eitner F, Fitzner C et al. Intensive supportive care
plus immunosuppression in IgA nephropathy. N Engl ] Med
2015;373:2225-36. https://doi.org/10.1056/NEJMoa1415463
Rasi¢ S, Uncanin S, Aganovi¢ K et al. Treatment of IgA
nephropathy of adults presented by nephrotic syndrome.
Bosn ] Basic Med Sci 2008;8:230-3. https://doi.org/10.17305/
bjbms.2008.2923

Levey AS, Stevens LA, Schmid CH et al. A new equation
to estimate glomerular filtration rate. Ann Intern Med
2009;150:604-12. https://doi.org/10.7326/0003-4819-150-9-
200905050-00006

Trimarchi H, Barratt J, Cattran DC et al. Oxford Classification
of IgA nephropathy 2016: an update from the IgA Nephropa-
thy Classification Working Group. Kidney Int 2017;91:
1014-21. https://doi.org/10.1016/j.kint.2017.02.003

Barbour SJ, Coppo R, Zhang H et al. Evaluating a new
international risk-prediction tool in IgA nephropathy.
JAMA Intern Med 2019;179:942-52. https://doi.org/10.1001/
jamainternmed.2019.0600

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

2577

Berthoux F, Mohey H, Laurent B et al. Predicting the risk
for dialysis or death in IgA nephropathy. ] Am Soc Nephrol
2011;22:752-61. https://doi.org/10.1681/ASN.2010040355
Bartosik LP, Lajoie G, Sugar L et al. Predicting progression in
IgA nephropathy. AmJ Kidney Dis 2001;38:728-35. https://doi.
org/10.1053/ajkd.2001.27689

Yoshikawa N, Tanaka R, Iijima K. Pathophysiology and
treatment of IgA nephropathy in children. Pediatr Nephrol
2001;16:446-57. https://doi.org/10.1007/s004670100582
Wang T, Ye F, Meng H et al. Comparison of clinicopatho-
logical features between children and adults with IgA
nephropathy. Pediatr Nephrol 2012;27:1293-300. https://doi.
0rg/10.1007/s00467-012-2139-3

Floege ], Feehally J. The mucosa-kidney axis in IgA
nephropathy. Nat Rev Nephrol 2016;12:147-56. https://doi.
0rg/10.1038/nrneph.2015.208

Barratt J, Lafayette R, Kristensen ] et al. Results from part
A of the multi-center, double-blind, randomized, placebo-
controlled NeflgArd trial, which evaluated targeted-release
formulation of budesonide for the treatment of primary im-
munoglobulin A nephropathy. Kidney Int 2023;103:391-402.
https://doi.org/10.1016/j.kint.2022.09.017

Lv J, Wong MG, Hladunewich MA et al. Effect of oral methyl-
prednisolone on decline in kidney function or kidney fail-
ure in patients with IgA nephropathy. The TESTING random-
ized clinical trial. JAMA 2022;327:1888-98. https://doi.org/10.
1001/jama.2022.5368

Barbour SJ, Espino-Hernandez G, Reich HN et al. The MEST
score provides earlier risk prediction in IgA nephropathy.
Kidney Int 2016;89:167-75. https://doi.org/10.1038/ki.2015.
322

Haas M, Verhave JC, Liu ZH et al. A multicenter study
of the predictive value of crescents in IgA nephropathy.
J Am Soc Nephrol 2017;28:691-701. https://doi.org/10.1681/
ASN.2016040433

Ballardie FW, Roberts ISD. Controlled prospective trial of
prednisolone and cytotoxics in progressive IgA nephropa-
thy. ] Am Soc Nephrol 2002;13:142-8. https://doi.org/10.1681/
ASN.V131142

Roccatello D, Ferro M, Cesano G et al. Steroid and cy-
clophosphamide in IgA nephropathy. Nephrol Dial Transplant
2000;15:833-5. https://doi.org/10.1093/ndt/15.6.833

Received: 7.2.2023; Editorial decision: 20.6.2023

© The Author(s) 2023. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://doi.org/10.1093/ndt/gft211
https://doi.org/10.1007/s40620-015-0242-9
https://doi.org/10.3109/00313028809085190
https://doi.org/10.3346/jkms.2009.24.S1.S44
https://doi.org/10.1001/jama.2017.9362
https://doi.org/10.1056/NEJMoa1415463
https://doi.org/10.17305/bjbms.2008.2923
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1016/j.kint.2017.02.003
https://doi.org/10.1001/jamainternmed.2019.0600
https://doi.org/10.1681/ASN.2010040355
https://doi.org/10.1053/ajkd.2001.27689
https://doi.org/10.1007/s004670100582
https://doi.org/10.1007/s00467-012-2139-3
https://doi.org/10.1038/nrneph.2015.208
https://doi.org/10.1016/j.kint.2022.09.017
https://doi.org/10.1001/jama.2022.5368
https://doi.org/10.1038/ki.2015.322
https://doi.org/10.1681/ASN.2016040433
https://doi.org/10.1681/ASN.V131142
https://doi.org/10.1093/ndt/15.6.833
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

	INTRODUCTION
	MATERIALS AND METHODS
	Research ethics statement
	Patients
	Data collection
	Treatment
	Definition
	Statistical analyses
	RESULTS
	Baseline characteristics
	Treatment and proteinuria response
	Kidney function progression
	Safety and adverse events
	DISCUSSION
	SUPPLEMENTARY DATA
	ACKNOWLEDGEMENTS
	FUNDING
	AUTHORS’ CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	REFERENCES

