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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 ( eGFR ) ≥15 mL/min/1.73 m 

2 , 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 

2 /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 

Keywords: cyclophosphamide, glucocorticoids, IgA nephropathy, nephrotic syndrome, prognosis 
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NTRODUCTION 

mmunoglobulin A nephropathy ( IgAN ) is the most common 
ype of primary glomerulonephritis and a leading cause of end-
tage kidney disease ( ESKD ) in youth worldwide. Approximately 
5%–40% of IgAN patients develop ESKD gradually and require 
enal replacement therapy within 20 years of disease onset 
 1 , 2 ]. Clinical and histological manifestations of IgAN are highly
iverse. Asymptomatic urine abnormalities are the most com- 
on clinical manifestation, followed by transient gross hema- 

uria ( usually after upper respiratory or other types of mucosal
nfection ) and varying degrees of proteinuria, but nephrotic syn- 
rome ( NS ) is rarely observed. Renal pathology in IgAN patients
s characterized by mesangial cell proliferation and mesangial 
atrix hyperplasia; however, other renal injuries, including le- 
ions of the glomerulus, tubulointerstitium or small blood ves- 
els, may also be observed. The pathogenesis of IgAN remains
argely unknown, and recent studies indicate that excessive 
roduction of galactose-deficient IgA1 ( Gd-IgA1 ) is crucially in- 
olved in the disease. There is increasing evidence that Gd-IgA1- 
roducing cells predominantly originate from Peyer’s patches 
f gut-associated lymphoid tissues ( GALTs ) [ 3 , 4 ]. This finding
s further supported by the study that showed that budesonide
 Nefecon ) , a slow-release medication that targets the terminus 
f the ileum, has been demonstrated to have a proteinuria-
educing effect on IgAN patients with a high risk of progression
 5 ]. 

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

Few studies have described treatment options for MPGN- 
gAN patients presenting with NS, and most are based on lim-
ted patient numbers. These studies revealed that GCS therapy 
s less effective in patients with MPGN-IgAN than in patients
ith MCD-IgAN [ 14 , 15 ]. In addition, well-designed randomized
linical trials, such as the TESTING ( Effect of oral methylpred-
isolone on clinical outcomes in patients with IgA nephropathy )
r STOP-IgAN ( Supportive versus immunosuppressive therapy 
or the treatment of progressive IgA nephropathy ) studies, did 
ot focus on the treatment of IgAN patients with NS or exclude
hese patients from study recruitment, resulting in a lack of
vidence on how to treat these patients [ 16 , 17 ]. GCS therapy
chieved remission rates of approximately 50%–90% for MPGN- 
gAN patients with NS based on previous studies [ 6 –8 ]. Rasi ́c
t al. [ 18 ] enrolled 19 MPGN-IgAN patients with NS and observed
hat five of six ( 83.3% ) patients treated with oral GCS combined
ith intravenous cyclophosphamide ( CTX ) achieved complete 
emission ( CR ) or partial remission ( PR ) . Moreover, seven of eight
 87.5% ) patients treated with oral GCS alone attained CR or PR,
nd the remission rates were similar between the two groups.
owever, the sample size of the study was very small, and the
 p  
linical characteristics of patients at baseline and the time to
emission were unknown. 

Based on very limited evidence, patients with MPGN-IgAN
re suggested to be managed in the same way as patients at
igh risk of progressive IgAN [ 13 ]. In this study, we retrospec-
ively compared the efficacy and safety of oral GCS combined
ith intravenous CTX and oral GCS alone in the treatment of
PGN-IgAN and NS and found that oral GCS combined with in-

ravenous CTX had better efficacy than and similar safety to
ral GCS alone, which needs further validation in a prospectively
esigned study. 

ATERIALS AND METHODS 

esearch ethics statement 

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

atients 

 retrospective study involving patients diagnosed with primary
gAN at Ruijin Hospital from January 2002 to December 2020 was
onducted. The inclusion criteria were as follows: ( i ) males or
emales at least 14 years old; ( ii ) primary IgAN diagnosed by a
enal biopsy with histological features of MPGN-IgAN; ( iii ) the
resence of edema, total urinary protein ( U-TP ) > 3.5 g/24 h and
erum albumin < 35 g/L; ( iv ) the follow-up period was at least
 months; ( v ) eGFR ≥15 mL/min/1.73 m 

2 at the time of biopsy;
nd ( vi ) treatment with GCS + CTX or GCS. The exclusion cri-
eria were as follows: ( i ) IgAN secondary to a systemic disease,
uch as Henoch–Schönlein purpura, systemic lupus erythemato- 
us or active hepatitis B; ( ii ) renal pathology coexisting with di-
betic nephropathy, membranous nephropathy or other lesions;
 iii ) a proportion of crescent of ≥50%; ( iv ) newly diagnosed ma-
ignant tumor ( within 3 years ) or ongoing chemotherapy, radi-
tion therapy or biological therapy; and/or ( v ) serum antineu-
rophil cytoplasmic antibody positivity. The recruited patients 
n the GCS + CTX or GCS groups were rather matched at a 1:1 ra-
io by propensity score matching ( PSM ) based on age, sex, U-TP,
GFR, mean arterial pressure ( MAP ) and MEST-C score ( Fig. 1 ) . 

ata collection 

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

reatment 

atients from the GCS group were taking prednisone at a dose
f 0.8–1 mg/kg per day ( > 30 mg/day ) , which was tapered off
ver the course of 6–8 months. Patients from the GCS + CTX
roup were treated with intravenous CTX ( 0.6–1.0 g monthly
or 8–12 months, accumulated dose > 6–8 g ) combined with oral
rednisone at a dose of 0.6–0.8 mg/kg per day ( > 25 mg/day ) .



2570 W. Du et al .

2,802 patients with
biopsy-proven lgAN

(2002–2020)

Inclusion criteria: 
• Age ≥ 14years old 
• Histological features as MPGN
• Edema, U-TP > 3.5g/24h, and Alb < 35g/L
• Available follow-up data for at least 6 months
• eGFR ≥ 15ml/min/1.73 m2

• Treated with GCS+CTX or GCS 

164 MPGN-lgAN 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)

146 MPGN-lgAN with NS
received GCS+CTX (n=101)

or GCS (n=45) therapy

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

Propensity score matching 

Pa
tie

nt
 fl

ow

Figure 1: Study recruitment flowchart. Alb, serum albumin; ANCA, Anti-neutrophil cytoplasmic antibodies. 
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he patients were followed up monthly until they were given 
ther immunosuppressive agents. 

efinition 

S was defined as the presence of edema, U-TP > 3.5 g/24 h and 
erum albumin < 35 g/L [ 7 , 9 ]. CR was defined as U-TP < 0.3 g/24 h
nd a decline in eGFR < 25% compared with baseline. PR was de- 
ned 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 
efined as a < 50% reduction in U-TP or U-TP > 3.5 g/24 h after
reatment. The renal endpoint was defined as either a 50% de- 
line in eGFR or a doubling of Scr, or ESKD. The degree of renal 
nterstitial inflammation was classified as none/mild ( 0%–25% ) ,
oderate ( 26%–50% ) or severe ( > 50% ) . 

tatistical analyses 

ormally distributed data are presented as the mean ± standard 
eviation, and nonparametric data are presented as the median 
nd interquartile range. Student’s t -test was used to compare 
he continuous parameters for normally distributed data, and 
he Mann–Whitney U test was used for skewed data. The chi- 
quare test was used to compare categorical data. PSM was used 
o adjust for the differences in clinical and histological param- 
ters between the two groups. Matching was performed using 
:1 matching ( the nearest-neighbor matching method with a 0.2 
aliper width ) based on age, sex, U-TP, eGFR, MAP and MEST-C 

core. The cumulative renal survival rate until progression to a 
ombined event was calculated and compared by the Kaplan–
eier method and log–rank test. Cox regression models were 
uilt to identify independent risk factors for renal endpoints.
he proportional hazard assumption for the selected variables 
etained in the final model was originally checked by log minus 
og plots baseline hazard ratio ( HR ) . A P -value < .05 was consid-
red statistically significant. Statistical analyses were performed 
sing SPSS 26.0 ( SPSS Inc., Chicago, IL, USA ) . GraphPad Prism Ver- 
ion 6 software ( GraphPad Software, San Diego, CA, USA ) was 
sed 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 ) 32.3 ± 14.1 31.7 ± 11.8 
Diagnosed age ( years ) 36.1 ± 12.9 33.9 ± 12.0 
Male, n ( % ) 18 ( 42.9 ) 20 ( 47.6 ) 
BMI ( kg/m 

2 ) 23.5 ± 4.2 23.7 ± 3.6 
MAP ( mmHg ) 98.1 ± 12.3 99.8 ± 13.4 
Follow-up time ( months ) 32.3 ( 24.3, 53.1 ) 26.0 ( 9.9, 46.4 ) 
Hb ( g/L ) 124.1 ± 19.8 127.3 ± 17.2 
Scr ( μmol/L ) 99.0 ( 73.5, 155.0 ) 103.0 ( 82.3, 148.5 ) 
eGFR ( mL/min/1.73 m 

2 ) 67.8 ( 42.7, 99.5 ) 66.7 ( 45.0, 96.2 ) 
Alb ( g/L ) 28.0 ( 22.8, 29.0 ) 29.0 ( 26.0, 30.0 ) 
U-TP ( g/24 h ) 4.9 ( 4.0, 6.3 ) 4.6 ( 3.9, 5.5 ) 
Hypertension, n ( % ) 22 ( 52.4 ) 18 ( 42.9 ) 
Diabetes, n ( % ) 3 ( 7.1 ) 2 ( 4.8 ) 
ACEI/ARB, n ( % ) 36 ( 85.7 ) 35 ( 83.3 ) 
Starting dose of GCS ( mg ) 40.0 ( 38.8, 50.0 ) 50.0 ( 40.0, 55.0 ) * 
Cumulative dose of CTX ( g ) 6.4 ( 4.8, 8.0 ) 0 
Oxford classification, n ( % ) 

M1 23 ( 54.8 ) 28 ( 66.7 ) 
E1 21 ( 50.0 ) 21 ( 50.0 ) 
S1 38 ( 90.5 ) 40 ( 95.2 ) 
T1 + T2 20 ( 47.6 ) 14 ( 33.3 ) 
C1 + C2 30 ( 71.4 ) 23 ( 54.8 ) 

Glomerular sclerosis ( ≥25% ) , n ( % ) 16 ( 38.1 ) 14 ( 33.3 ) 
Interstitial inflammation ( ≥25% ) , n ( % ) 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. 
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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 
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ESULTS 

aseline characteristics 

here were 84 patients recruited and assigned to either 
CS + CTX ( N = 42 ) or GCS ( N = 42 ) groups at a 1:1 ratio by
SM based on age, sex, eGFR, MAP, U-TP and MEST-C score by Ox-
ord classification ( Fig. 1 ) . The baseline characteristics of the two
roups are shown in Table 1 . Patients from the GCS group and
atients from the GCS + CTX group had similar baseline clini-
al and pathological characteristics, including onset age, male 
atio, body mass index, MAP, hemoglobin, eGFR, U-TP, coexis- 
ence with diabetes, usage of angiotensin-converting enzyme 
nhibitor/angiotensin-receptor blocker , and Oxford M1, E1, S1,
1/2 and C1/2. In addition, the starting dose of prednisone in
he 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
nd cumulative dosage of CTX of the recruited IgAN patients
reated with GCS + CTX or GCS are shown in Supplementary
ata, Table S1. 
The baseline characteristics of 146 MPGN-IgAN patients be- 

ore PSM are also shown in Supplementary data, Table S2. The
xcluded patients ( N = 62 ) had lower hemoglobin ( 116.7 ± 18.6
s 125.7 ± 18.5, P = .004 ) , eGFR [35.0 ( 26.0, 47.3 ) vs 66.7 ( 43.0, 97 ) ,
 < .001], higher percentage of T1/2 ( 79.0% vs 40.5%, P < .01 ) ,
ore moderate/severe glomerular sclerosis ( 58.1% vs 35.7%,
 = .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
istribution before and after matching is shown in Supplemen- 
ary data, Fig. S1. 
reatment and proteinuria response 

mong all 84 MPGN-IgAN patients, the remission rate ( CR + PR )
as higher in the GCS + CTX group than in the GCS group at
onth 6 ( 88.1% vs 52.4%, P < .001 ) , Month 12 ( 88.1% vs 56.1%,
 = .001 ) and Month 24 ( 85.0% vs 47.5%, P < .001 ) . In addition,
he CR rate in the GCS + CTX group increased over time and
as significantly higher than that in the GCS group at Month 24

 32.5% vs 10.0%, P = .01 ) ( Table 2 ) . Subgroup analysis showed that
he higher response rate at Month 24 in the GCS + CTX group
han in the GCS group was similar in different subgroups defined
y sex, age, eGFR or Oxford MEST-C ( Fig. 2 ) . 
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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% CIs 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 S0 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. 
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Furthermore, we found that the reduction in U-TP in patients 
rom the GCS + CTX group was greater at Month 6 [–3.4 ( –4.9, –
.0 ) vs –2.8 ( –3.8, –1.5 ) g/24 h, P = .001], Month 12 [–4.1 ( –5.3, –3.2 )
s –2.9 ( –4.2, –1.8 ) g/24 h, P = .001] and Month 24 [–3.9 ( –5.0, –3.0 )
s –2.6 ( –3.8, –1.6 ) g/24 h, P = .001] than that in patients from 

he GCS group ( Fig. 3 a ) . The trend of greater reduction in U-TP 
n the GCS + CTX group than in the GCS group was similar in
ifferent subgroups defined by sex ( Fig. 3 b and c ) and age ( Fig. 3 d
nd 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 
reated with GCS + CTX, and 25 patients were only treated 
ith GCS. Baseline clinical and pathological characteristics 
ere similar between the two groups ( Supplementary data,
able S4 ) . Similarly, the remission rate ( CR + PR ) was higher in 
he GCS + CTX group than in the GCS group at Month 6 ( 84.8% 
s 52.0%, P = .01 ) , Month 12 ( 87.9% vs 54.2%, P = .004 ) and Month
4 ( 87.1% vs 47.8%, P = .002 ) ( Supplementary data, Table S5 ) . 

idney function progression 

uring the follow-up period, 2/42 ( 4.8% ) in the GCS + CTX group 
nd 8/42 ( 19.0% ) in the GCS group reached the composite end- 
oint. According to the Kaplan–Meier analysis, the overall 5- 
ear endpoint-free rate of patients from the GCS + CTX group 
as higher than that of patients from the GCS group ( 90.9% vs
1.7%, P = .02 ) ( Fig. 4 a ) . We further compared the rate of annual
GFR decline in the two groups and the results indicated that 
GFR decreased at a lower rate in patients from the GCS + CTX
roup 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 m 

2 /year, P = .03]
 Fig. 4 b ) . 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 ( � U-TP ) ; The bars represent the 25th and 75th percentiles. * P < .05; ** P < .01. 
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CS + CTX treatment was associated with a lower risk for renal
unction progression at 5 years than GCS treatment [Model 1,
R = 0.20, 95% confidence interval ( CI ) 0.04–0.93]. Based on mul-
ivariate Cox regression analysis, unlike GCS treatment alone,
CS + CTX treatment was independently associated with a de-
rease in risk for the composite endpoint after adjusting for age
nd sex ( Model 2, HR = 0.18, 95% CI 0.04–0.90 ) and when using
he full model International Risk Prediction Score without race 
 Model 3, HR = 0.20, 95% CI 0.04–0.94 ) and with race ( Model 4,
R = 0.17, 95% CI 0.04–0.83 ) ( Table 3 ) [ 21 ]. 
The proportional hazard assumption for therapy variable 

as checked by log ( -log ) plot ( Supplementary data, Fig. S2 ) . Two
urvival curves roughly parallel to examine the role of the risk
actor for survival of the proportion of change in different time
oints, and two groups ( CS and CS + CTX group ) had equally
roportional changes in survival risk, which did not change over
ime. 

afety and adverse events 

otal adverse event ( AE ) rates were similar between the
CS + CTX and GCS groups [50.0% ( 21 of 42 ) vs 42.9% ( 18 of 42 ) ,
 = .51], and there was no difference in severe AEs between the
wo groups [7.1% ( 3 of 42 ) vs 11.9% ( 5 of 42 ) , P = .71; Table 4 ].
he types of infections reported in the two groups included up-
er respiratory tract infection ( 21.4% vs 19.0%, P = .79 ) , infec-
ion with varicella zoster virus ( 2.4% vs 0.0%, P = 1.00 ) , fungal
nfection of tinea pedis ( 7.1% vs 0.0%, P = .24 ) and urinary tract
nfection ( 14.3% vs 4.8%, P = .28 ) . No deaths occurred in either
reatment 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 
individuals 

No. of renal 
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. 
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ISCUSSION 

S is a rare clinical condition in patients with IgAN. Previous 
tudies have revealed that IgAN patients with NS are at an in- 
reased risk for disease progression if clinical remission cannot 
e achieved [ 22 , 23 ]. Patients with IgAN-related NS usually have 
wo common pathologic types, MCD and MPGN, which have dif- 
erent response rates to GCS therapy and risks for ESKD. MCD- 
gAN has been shown to respond well to GCS and should be 
reated as MCD according to the 2021 KDIGO guidelines [ 13 ]. Un- 
ike MCD-IgAN, the treatment strategy for patients with MPGN- 
gAN with NS is not clear, and nephrologists are often required to 
reat them empirically. To the best of our knowledge, this is the 
rst study to compare the efficacy and safety of GCS combined 
ith CTX versus GCS alone for the treatment of MPGN-IgAN pa- 
ients with NS. In this study, we found that the combination of 
CS and CTX was more effective in reducing urinary protein and 
as associated with a decreased risk for renal function progres- 
ion than GCS alone in the treatment of MPGN-IgAN patients 
ith NS. Furthermore, we found that patients who received a 
ombination of GCS and CTX had less GCS exposure, and the 
reatment had good tolerability. 

A considerable portion of IgAN patients develop the disease 
fter upper respiratory or gastrointestinal infections, suggesting 
hat mucosal infections play an important role in IgAN patho- 
enesis [ 24 , 25 ]. It has been proposed that excessive intestinal
roduction of Gd-IgA1 due to abnormal intestinal mucosal im- 
unity plays a key role in disease pathogenesis [ 26 ]. This hy-
othesis has now been further confirmed by the targeted-release 
udesonide versus placebo in patients with IgA nephropathy 
 NEFIGAN ) study on Nefecon, a novel targeted release formu- 
ation of budesonide designed to deliver the drug to the distal 
leum in IgAN patients. The NEFIGAN study, which is a phase II 
linical study of Nefecon, showed that Nefecon can further re- 
uce proteinuria on the basis of renin–angiotensin–aldosterone 
ystem inhibitor ( RASi ) therapy. Notably, the adverse effects as- 
ociated with Nefecon were similar to those in the placebo con- 
rol group and showed a favorable safety profile [ 5 ]. Most re-
ently, the results of Part A of the phase 3 efficacy and safety
f Nefecon in patients with primary IgA nephropathy ( NefIgArd ) 
rial were released. The NefIgArd trial tested the efficacy and 
afety of 9 months of treatment with Nefecon ( 16 mg/day ) versus 
lacebo in IgAN patients. At 9 months after treatment initiation 
 Part A ) , the 24-h urine protein-to-creatinine ratio was 27% lower 
nd eGFR decline was 3.87 mL/min/1.73 m 

2 slower in the Nefe- 
on group than in the placebo group, and the treatment was well
olerated [ 27 ]. 

Unlike intestinal local steroid therapy, the use of systemic 
teroid therapy in IgAN patients has been highly controversial.
wo important studies focusing on the efficacy and safety of 
teroid therapy were conducted in Europeans ( STOP-IgAN study ) 
nd in a predominantly Asian population ( TESTING study ) . Al- 
hough the two studies failed to reach an agreement on whether 
teroids can further inhibit renal function progression on the ba- 
is of RASi therapy and strict blood pressure control, both stud- 
es found that steroids could increase the risk of infection, es- 
ecially serious infections in IgAN patients, which caused the 
arly termination of the TESTING study [ 16 , 17 ]. Thereafter, the
ESTING study changed the regimen to reduce the dose of oral 
teroids 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. 
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 0.4 mg/kg/day ) and found that low doses of steroids had a sim-
lar effect on slowing renal function progression while signifi- 
antly reducing infection-related AEs [ 28 ]. Notably, neither of the
tudies focused on the treatment of IgAN patients with NS and
ven excluded them from the study, resulting in a lack of evi-
ence for immunosuppressive treatment in this subset of IgAN 

atients. 
An observational study from China revealed that MPGN-IgAN 

atients with NS had more severe renal histopathological le- 
ions than non-NS IgAN patients, including more endocapil- 
ary hypercellularity ( E1 17% vs 3.6% ) , interstitial fibrosis ( T1/2
8.6% vs 25.2% ) and crescents ( C1/2 37.4% vs 26.8% ) , but less seg-
ental glomerulosclerosis or adhesion ( S1 49.7% vs 59.7% ) and 
lobal sclerosis ( G 75.4% vs 81.9% ) , resulting in more renal end-
oints 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 ].
hese results suggest that MPGN-IgAN patients with NS should 
e treated more aggressively since patients usually have more 
evere clinical-histological presentations and a higher risk of 
rogression to renal failure. RASi therapy is recognized as the
tandard treatment for IgAN, which is obviously not sufficient 
or patients presenting with NS [ 29 , 30 ]. Although clinicians pre-
er to use immunosuppressive therapy for these patients, treat- 
ent is often empirical, and it is unclear how to choose between

he use of GCS alone and GCS in combination with immunosup-
ressants. 
In this study, we focused on the efficacy and safety of im-

unosuppressive therapy in patients with MPGN-IgAN with NS.
he strategy of the combination of GCS and CTX used in our
tudy is consistent with the treatment strategy used in a study
y Ballardie and Roberts [ 31 ]. We found that patients treated
ith GCS combined with intravenous CTX therapy had a higher
emission rate than those treated with GCS monotherapy at 
onth 6 ( 88.1% vs 52.4%, P = .001 ) , Month 12 ( 88.1% vs 56.1%,
 = .001 ) and Month 24 ( 85.0% vs 47.5%, P = .001 ) . In addi-
ion, we also performed a sensitivity analysis by excluding IgAN 

atients with Alb ≥30 g/L, and similar results were obtained.
oreover, subgroup analysis once again confirmed that GCS 
ombined with CTX was more effective than GCS monotherapy 
n different populations. Furthermore, there was no difference 
etween the GCS + CTX and GCS groups in terms of total AEs
50% vs 42.9%, P = .51]. Additionally, the two groups had similar
nfection-related AEs; although the infection rate was slightly
igher in the GCS + CTX group, the difference was not statisti-
ally significant, and the majority of AEs were upper respiratory
nd urinary tract infections that were cured after anti-infection
reatment. Although we found no difference in infection-related
dverse events between the two groups, steroid and immuno-
uppressant therapy should be applied very carefully in IgAN
atients. Both the TESTING and STOP-IgAN studies have deter-
ined that steroids can lead to more infection-related adverse
vents than conservative therapy. In addition, most of our pa-
ients were young. Among 84 patients, only 3 were older than
0 years. Thus, our findings need to be validated in older IgAN
atients before they can be applied in those patients. Never-
heless, the adverse effect of immunosuppressants for IgAN pa-
ients cannot be ignored, and the immune system and potential
nfection should be carefully evaluated before initiating those
reatments. 

Previous studies reported that CTX was more effective in
gAN patients with active renal lesions, particularly in patients
ith crescents. In a small sample size study based on 20 IgAN
atients with diffuse mesangial proliferation and crescent for-
ation, 12 patients were given oral GCS combined with oral
TX ( 1.5 mg/kg/day ) for 8 weeks, and another 8 patients did
ot receive immunosuppressive therapy. The authors reported 
 higher 5-year renal survival rate in the GCS + CTX group than
n the control group ( 91.6% vs 37.5%, P = .01 ) [ 32 ]. This study sug-
ests that for IgAN patients with active renal lesions, GCS + CTX
ay be more effective in delaying disease progression than non-

mmunosuppressive therapy. In our study, we compared the
enefit of GCS + CTX with that of GCS alone in different sub-
roups of patients with or without crescents, and found that the
enefit of GCS + CTX treatment was higher in IgAN patients with
rescents than in patients without crescents, but the interac-
ion analysis did not suggest that the difference was statistically
ignificant. 

The main limitations of our study are as follows. First, it used
 retrospective study design. To reduce the influence of poten-
ial confounding factors on the results, we used PSM to balance
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he major confounders, including age, sex, blood pressure, urine 
rotein, renal function and Oxford MEST-C. However, the impact 
f other potential confounders on the results cannot be ruled 
ut. Second, due to the retrospective nature of this study, not all 
atients were treated with the same treatment protocols regard- 
ng dose, duration and tapering. Prospective design studies are 
eeded to validate our findings in the future. Third, not all the 
atients in this study received optimized supportive care with 
ASi for at least 3 months prior to immunosuppression ther- 
py initiation since some of them had severe edema at renal 
iopsy, and it was necessary to start immunosuppressant ther- 
py as soon as possible to relieve nephrotic syndrome in a timely 
anner. Finally, the number of cases in this study was relatively 
mall, especially after PSM pairing, which further reduced the 
imited number of cases. Considering that NS, especially MPGN- 
elated NS, is very rare in patients with IgAN, our cohort re- 
ains the largest case–control study in this field to date, provid- 

ng important evidence for the treatment of IgAN patients with 
linical manifestations of NS and pathological manifestations 
f MPGN. 
In conclusion, we found that oral GCS combined with intra- 

enous CTX was more effective than oral GCS alone and had 
imilar safety in the treatment of MPGN-IgAN patients with 
S. However, prospective studies are needed to confirm these 
ndings. 
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