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Abstract. The early prediction of renal outcomes in patients 
with idiopathic membranous nephropathy (iMN) remains 
challenging. The present retrospective study evaluated 
patients with iMN confirmed by renal biopsy. An optimized 
Cox regression model and a nomogram were constructed for 
the early prediction of renal outcomes. A total of 141 patients 
who met the inclusion criteria were evaluated in the present 
study. In total 18 (12.8%) patients eventually progressed to 
the endpoint, 6 of whom developed end‑stage renal disease, 
and one patient died during follow‑up. The optimized model 
demonstrated that 24‑h proteinuria [hazard ratio (HR) 1.24; 
95% CI, 1.10‑1.40; P‑value <0.001] and chronic tubulointer-
stitial injury [referred to as grade 0, grade 1 (HR), 5.12; 95% 
CI, 1.33‑19.75; P‑value=0.02] or grade 2 (HR, 6.43; 95% CI, 
1.35‑30.59; P‑value=0.02) were independent risk factors for 

a poor renal outcome. Patients with an estimated three‑year 
renal survival rate (ETR) less than 0.87 had a high risk of a 
poor renal outcome. In addition, patients with an ETR of 0.87 
to 0.98 more quickly developed a decreased estimated glomer-
ular filtration rate after two years of follow‑up. In the present 
study a nomogram for the early prediction of renal outcomes 
in patients with iMN was developed. This nonogram suggested 
that patients with an ETR of 0.87‑0.98 should receive greater 
attention during follow‑up.

Introduction

Membranous nephropathy (MN) is considered an autoimmune 
disease and is characterized by autoimmune antibodies depos-
ited on the glomerular basement membrane. It is a leading 
cause of nephrotic syndrome in adults (1,2). Approximately 
20% of MN cases are caused by systemic diseases or exposure, 
termed secondary MN, while 80% of cases are located in the 
kidney and termed idiopathic MN (iMN) (2,3). Autoimmune 
antibodies against the M‑type phospholipase A2 receptor 
(PLA2R) have been detected in 70% of MN cases and against 
thrombospondin type 1 domain‑containing 7A in 2‑3% of MN 
cases (4,5). It is thought that iMN with a benign course toward 
spontaneous remission occurs in approximately 30‑60% 
of cases within the first 2 years after presentation, and mild 
progression of renal function occurs during follow‑up (6‑8). 
However, approximately 30‑50% of iMN cases gradually 
progress to renal insufficiency within 5‑10 years (9‑11) and 
immunosuppressive treatment should be offered to these 
patients with a medium or high risk of renal progression (12). 
Unfortunately, the early identification of such medium‑ or 
high‑risk patients remains elusive (13).

Cattran et al and Pei et al  (14,15) developed a logistic 
model called the Toronto Risk Score for the classification of 
patients with iMN, but the calculation process is complicated 
as the variables included in the model require conversion and 
follow‑up data for at least 6 months. Significant differences in 
clinical variables at the time of renal biopsy have been reported 
between iMN patients with different renal outcomes (6,16‑18). 
Thus, an early predictive model based on these variables may 
be warranted. The present study was designed to construct 
a simple and convenient predictive model to facilitate early 
prediction of the renal outcomes of iMN patients.
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Materials and methods

Subjects. Patients who received a biopsy‑based diagnosis of 
iMN between January 2010 and December 2018 at the Second 
Affiliated Hospital of Wenzhou Medical University were 
included in this retrospective analysis. The inclusion criteria 
were as follows: i) Age >18 years; ii) an estimated glomerular 
filtration rate (eGFR) >15 ml/min/1.73 m2 at renal biopsy; and 
iii) a follow‑up time >12 months. The exclusion criteria were: 
i)  Secondary membranous nephropathy, such as hepatitis 
B‑associated membranous nephropathy or systemic lupus 
erythematosus; and ii) the presence of malignant tumors.

Collection of clinical and laboratory data. Patient demo-
graphic data and blood pressure were recorded at the time of 
renal biopsy. Clinical laboratory tests, including the results of 
serum biochemical tests and urinary tests, were also collected 
at the time of renal biopsy and during the follow‑up. At the 
time of renal biopsy, 24 h proteinuria was assessed and the 
spot urinary protein‑to‑creatinine ratio was determined during 
the follow‑up. Serum anti‑PLA2R antibody levels were deter-
mined using the commercial ELISA kits (EUROIMMUN 
AG; cat. no. EA 1254‑9601 G) following the standard instruc-
tion (19). The treatment strategy was decided based on the 
Kidney Disease Improving Global Outcomes guidelines (20). 
However, immunosuppressive therapy was started more 
rapidly among patients with obviously reduced levels of serum 
albumin (<25 g/l; normal range, 35.0‑55.0 g/l) combined with 
a nephritic range of proteinuria (>4 g per day; normal range, 
0.0‑0.15 g per day) or gradually increased serum creatinine in 
our cohort. Patients that received different immunosuppressive 
treatment regimens were divided into four groups: i) No, did 
not receive any immunosuppressants or received only corti-
costeroids; ii) cyclophosphamide (CTX), received CTX with 
corticosteroids; iii) CNI, received tacrolimus or cyclosporine 
with/without corticosteroids, and iv) others, received multiple 
immunosuppressants or immunosuppressants other than the 
above. The eGFR was evaluated using the chronic kidney 
disease (CKD) epidemiology collaboration (CKD‑EPI) equa-
tion (21). Hypertension was defined as a blood pressure (BP) 
>140/90 mmHg (22) or a diagnosis of hypertension before 
the renal biopsy. Complete remission was defined as a spot 
urine protein‑to‑creatinine ratio (UPCR) <0.2 g/g and serum 
albumin >35 g/l. Partial remission was defined as a spot UPCR 
>0.2 g/g and <3.5 g/g and serum albumin >30 g/l. Patients 
who did not meet the above criteria were defined as having no 
remission. Relapse was defined as the recurrence of nephrotic 
syndrome in patients with partial or complete remission.

Renal histopathology. Kidney tissues were obtained from all 
patients during routine renal biopsies. Specimens from all 
patients were allocated and processed according to standard 
techniques for light microscopy, immunofluorescence micros-
copy and electron microscopy (23). Membranous lesions from 
all iMN cases were classified (stages I‑IV) by electron micros-
copy based on the criteria of Ehrenreich and Churg  (24). 
Chronic tubulointerstitial fibrosis was assessed using the 
Oxford classification of tubular atrophy/interstitial fibrosis and 
graded as grade 0 (absent to mild, 0‑24%), grade 1 (moderate, 
25‑49%), or grade 2 (severe, >50%) (25). All renal biopsies 

were reviewed and scored independently by two renal patholo-
gists (MP and DL) that were not blinded to patient history.

Constructing and verifying the early predictive 
model. A univariate Cox proportional hazard model was 
built using the rms package (R package version 5.1‑1; 
https://CRAN.R‑project.org/package=rms) (26) and survival 
package (R package version 2.41‑3; https://CRAN.R‑project.
org/package=survival)  (27) to investigate the relationship 
between poor renal outcomes and histopathological or clinical 
variables. Next, covariates with P‑values <0.1 in univariate 
Cox models were selected to build a multivariate Cox regres-
sion model. Akaike's information criterion (AIC) (28) was 
used to simplify and optimize the model. The proportional 
hazard assumption of each covariate in the model was 
tested using the Therneau‑Grambsch method (29). Finally, 
a nomogram was developed, and the estimated three‑year 
renal survival rate (ETR) was calculated based on the model. 
Harrell's concordance index (Harrell's C‑index) of the models 
was calculated using the Hmisc package (R package version 
4.1‑0; https://CRAN.R‑project.org/package=Hmisc)  (30), 
and internal validation was performed using the rms 
package (R package version 5.1‑1; https://CRAN.R‑project.
org/package=rms)  (26). Receiver operating characteristic 
(ROC) curves and areas under the ROC curve (AUCs) were 
used to assess the prognostic efficiency of the ETR and tradi-
tional risk factors. Then, the appropriate cut‑off values were 
calculated based on the ROC curve.

Statistical analysis. Numerical variables are presented as 
the mean and standard deviation (SDs) or as the median 
and interquartile range (IQR) and were compared using the 
Wilcoxon test. Categorical variables are presented as cases 
with percentages and were compared with the χ2 test. The 
primary endpoints were a poor renal outcome [defined as 
an eGFR decrease of at least 50% from the baseline level 
or progression to end‑stage renal disease (ESRD) during the 
follow‑up] or death caused by MN. Renal survival was defined 
as the absence of the primary endpoints during the follow‑up. 
Differences in proteinuria and eGFR changes in the groups 
during the follow‑up were compared using factorial analysis 
of variance and Tukey's range test. All reported P‑values were 
two‑tailed, and P<0.05 was considered statistically significant. 
Mathematical analyses were performed using R (version 
3.5.1) (31).

Results

Clinical characteristics of including cases. A total of 141 cases 
met the inclusion criteria and were enrolled in the present 
study. The rate of male‑to‑female was 1.4:1. Approximately 
95.7% of the enrolled cases were at CKD stage 1 or 2, and 
half of the cases had hypertension at the time of renal biopsy. 
The median follow‑up time of our cohort was 30 (IQR, 21‑45) 
months. During the follow‑up, 115 (81.6%) patients received 
corticosteroids, and 103 (81.5%) patients received immunosup-
pressants other than corticosteroids. A total of 85.8% of the 
patients achieved partial or complete remission of nephrotic 
syndrome, and 23 (19%) patients relapsed during the follow‑up. 
Almost all patients received angiotensin‑converting enzyme 
inhibitor (ACEI) and/or angiotensin receptor blocker (ARB) 
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agents to reduce urinary protein extraction and/or control 
BP. Eighteen (12.8%) patients eventually progressed to the 
primary endpoints, 6 (4.3%) of whom developed ESRD, and 
one patient died due to a massive cerebral infarction mainly 
caused by nephrotic syndrome during the follow‑up. These 
results are listed in Table I.

Comparing differences in pathological lesions in patients with 
different renal outcomes. Cases with different renal outcomes 
were divided into two groups: Those with poor renal outcome 
(Yes) and those without poor renal outcome (No). The results 
are listed in Table II. In the present study cohort, the majority 
of patients had stage 1‑2 membranous lesions, and no significant 
difference was found between the Yes and No groups. However, 
a significant difference was found for chronic tubulointerstitial 
injury (P=0.01), with the Yes group showing an association with 
more severe tubulointerstitial injury in comparison with the 
No group. No significant difference in the intensity of immu-
nofluorescence staining between the Yes and No groups was 
found. All cases in the present cohort displayed diffuse global 
granular polyclonal IgG deposition along the glomerular capil-
lary wall, and the main subtypes of IgG were IgG1 and IgG4. 
Approximately 85‑88% of the cases had complementary C3 
diffuse global granular deposition along the glomerular capil-
lary loop. None of these cases had C1q deposition.

Relationship between clinical and pathological variables and 
poor renal outcomes. The relationship between poor renal 
outcomes and clinical or pathological variables at the time of 
renal biopsy was assessed by univariate Cox proportional hazard 
regression (Table III). Serum uric acid [hazard ratio (HR), 
1.44; 95% confidence interval (CI), 1.09‑1.91; P‑value=0.01], 
eGFR (HR, 0.97; 95% CI, 0.95‑0.99; P‑value=0.001), 24‑h 

Table I. Clinical and laboratory characteristics at the time of 
renal biopsy and during follow‑up.

A, Characteristics at time of biopsy	

Characteristic [units, figure reported]	 Value

No. of cases	 141
Female [n (%)]	 60 (42.6)
Age [years, mean (SD)]	 51.5 (14.1)
Serum albumin [g/l, mean (SD)]	 24.2 (5.4)
Total cholesterol [mmol/l, mean (SD)]	 7.8 (2.2)
Triglycerides [mmol/l, mean (SD)]	 2.8 (1.3)
HDL‑C [mmol/l, mean (SD)]	 1.5 (0.5)
LDL‑C (mmol/l, mean (SD)]	 4.5 (1.7)
Serum uric acid [mg/dl, mean (SD)]	 6.3 (1.4)
Serum creatinine [mg/dl, median (IQR)]	 0.8 (0.6‑0.9)
eGFR [ml/min/1.73 m2, mean (SD)]	 101.5 (24.6)
CKD stage [n, %]	
  Stage 1	 103 (73.0)
  Stage 2	 32 (22.7)
  Stage 3	 4 (2.8)
  Stage 4	 2 (1.4)
24‑h proteinuria [g/24 h, median (IQR)]	 4.6 (2.8, 6.4)
Hemoglobin [g/l, mean (SD)]	 132.4 (15.1)
Fibrinogen [g/l, mean (SD)]	 5.1 (1.4)
Serum anti‑PLA2R antibody [Ru/ml, 	 171.1 (11.6, 561.8)
median (IQR)]
Hypertension (n, %)	 82 (58.2)
  SBP [mmHg, mean (SD)]	 135.0 (21.9)
  DBP [mmHg, mean (SD)]	 80.3 (12.9)

B, Characteristics during follow‑up	

Characteristic	 Value

Follow‑up [months, median (IQR)]	 30 (21.0, 45.0)
Corticosteroids (n, %)	 115 (81.6)
Immunosuppressants (n, %)	
  NO	 38 (27.0)
  CTX	 28 (19.9)
  CNI	 46 (32.6)
  Others	 29 (20.6)
Remission (n, %)	
  CR	 41 (29.1)
  PR	 80 (56.7)
  NR	 20 (14.2)
Relapse (n, %)	 23 (19.0)
ACEI (n, %)	 48 (34.0)
ARB (n, %)	 130 (92.2)
Endpoints (n, %)	 18 (12.8)
ESRD (n, %)	 6 (4.3%)
Death (n, %)	 1 (0.7%)

SD, standard deviation; HDL‑C, high‑density lipoprotein choles-
terol; LDL‑C, low‑density lipoprotein cholesterol; eGFR, estimated 
glomerular filtration rate; CKD, chronic kidney disease; IQR, inter-
quartile range; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; CR, complete remission; PR, partial remission; NR, no 
remission; ACEI, angiotensin‑converting enzyme inhibitor; ARB, 
angiotensin receptor blocker; ESRD, end‑stage renal disease.

Table II. Differences in pathological lesions between patients 
with and without poor renal outcomes.

	 Poor renal outcome
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 No	 Yes	 P‑value

Cases (n)	 123	 18	
MN stage (n, %)			   0.22
  Stage I	 51 (42.1)	 8 (47.1)	
  Stage II	 66 (54.5)	 7 (41.2)	
  Stage III	 4 (3.3)	 2 (11.8)	
Chronic tubulointerstitial 			   0.01
injury (n, %)
  Grade 0	 71 (57.7)	 4 (22.2)	
  Grade 1	 39 (31.7)	 9 (50.0)	
  Grade 2	 13 (10.6)	 5 (27.8)	
IgG deposition (n, %)			 
  IgG1 (n, %)	 82 (90.1)	 14 (87.5)	 1.00
  IgG2 (n, %)	 3 (3.3)	 1 (6.2)	 1.00
  IgG3 (n, %)	 4 (4.4)	 0 (0.0)	 0.89
  IgG4 (n, %)	 87 (95.6)	 14 (87.5)	 0.48
C3 deposition (n, %)	 104 (85.2)	 15 (88.2)	 1.00
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proteinuria (HR, 1.21; 95% CI, 1.11‑1.33; P‑value <0.001), 
hypertension (HR, 10.78; 95% CI, 1.43‑81.08; P‑value=0.02), 
systolic BP (HR, 1.03; 95% CI, 1.01‑1.05; P‑value=0.005) and 
chronic tubulointerstitial injury [referred to as grade 0, grade 
1 (HR, 6.01; 95% CI, 1.61‑22.42; P‑value=0.008)] and grade 2 
(HR, 10.91; 95% CI 2.48‑48.00; P‑value=0.002) were signifi-
cantly associated with poor renal outcomes. However, other 
variables, including the serum anti‑PLA2R antibody level, 
showed no significant correlation with poor renal outcomes 
in the present study cohort. Covariates with P‑values <0.1 
were selected to build a multivariate Cox regression model, 
but systolic BP was removed considering the collinearity. 
The multivariate Cox regression model fit well for predicting 
a poor renal outcome with a high C‑index (86%; 95% CI, 
78‑94%; P‑value <0.001). Furthermore, according to the AIC, 
serum albumin level and eGFR were removed from the multi-
variate model, and four covariates (24‑h proteinuria, serum 
uric acid, chronic tubulointerstitial injury and hypertension) 

were maintained to construct an optimized multivariate Cox 
regression model (Table IV). In particular, 24‑h proteinuria 
(HR, 1.24; 95% CI, 1.10‑1.40; P‑value <0.001) and chronic 
tubulointerstitial injury [referred to as grade 0; grade 1 (HR, 
5.12; 95% CI, 1.33‑19.75; P‑value=0.02) or grade 2 (HR, 
6.43; 95% CI, 1.35‑30.59; P‑value=0.02) were independent 
risk factors for a poor renal outcome. Therneau‑Grambsch 
tests demonstrated that the four covariates in the optimized 
model were all independent of time (Table IV), which is a key 
assumption of the Cox regression. The C‑index of the model 
was 87% (95% CI, 79‑95%; P‑value <0.001) and no signifi-
cant difference was found between the two multivariate Cox 
models (χ2 test; P‑value=0.86). A nomogram was plotted based 
on the optimized model to facilitate the calculation of the ETR 
(Fig. 1A).

Validation of the optimized model. A calibration plot was 
used to display the internal validity of the optimized model 

Table III. Relationships between poor renal outcomes and clinical and pathological variables.

	 Univariate model	 Multivariate model
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  -‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Sex (female)	 0.75 (0.29‑1.96)	 0.56		
Age (years)	 1.03 (0.99‑1.07)	 0.19		
Serum albumin (g/l)	 0.93 (0.84‑1.01)	 0.10	 1.00 (0.90‑1.11)	 0.99
Total cholesterol (mmol/l)	 1.12 (0.9‑1.38)	 0.31		
Triglycerides (mmol/l)	 1.23 (0.91‑1.65)	 0.18		
HDL‑C (mmol/l)	 0.35 (0.09‑1.41)	 0.14		
LDL‑C (mmol/l)	 1.09 (0.83‑1.45)	 0.53		
Serum uric acid (mg/dl)	 1.44 (1.09‑1.91)	 0.01	 1.31 (0.95‑1.79)	 0.10
eGFR (ml/min/1.73 m2)	 0.97 (0.95‑0.99)	 0.001	 0.99 (0.97‑1.02)	 0.58
24‑h proteinuria (g/24 h)	 1.22 (1.11‑1.33)	 <0.001	 1.23 (1.08‑1.41)	 0.002
Hemoglobin (g/l)	 0.99 (0.95‑1.02)	 0.48		
Fibrinogen (g/l)	 1.28 (0.89‑1.83)	 0.18		
Hypertension (Yes)	 10.78 (1.43‑81.08)	 0.02	 4.05 (0.49‑33.75)	 0.20
  SBP (mmHg)	 1.03 (1.01‑1.05)	 0.005		
  DBP (mmHg)	 1.02 (0.99‑1.05)	 0.24		
Serum anti‑PLA2R antibody (Ru/ml)	 0.99 (0.98‑1.01)	 0.31		
Stage of membranous lesions				  
  Stage I	 1	 ‑		
  Stage II	 1.03 (0.37‑2.91)	 0.95		
  Stage III	 3.74 (0.77‑18.09)	 0.10		
Chronic tubulointerstitial injury				  
  Grade 0	 1	‑	  1	‑
  Grade 1	 6.01 (1.61‑22.42)	 0.008	 4.84 (1.22‑19.24)	 0.03
  Grade 2	 10.91 (2.48‑48.00)	 0.002	 5.38 (0.95‑30.42)	 0.06
Corticosteroids	 8.93 (0.26‑3.10)	 0.86		
Immunosuppressants				  
  NO	 1	‑		 
  CTX	 0.47 (0.11‑2.13)	 0.33		
  CNI	 0.86 (0.16‑4.76)	 0.86		
  Others	 2.39 (0.73‑7.84)	 0.15		
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(Fig. 1B). The bootstrapping validation analysis illustrated that 
the optimized model showed good discrimination, with a high 
corrected C‑index of 84%. The ROC analysis of the optimized 
model showed an AUC of 0.83 (95% CI, 0.73‑0.92), and the 
specificity and sensitivity were 85% (95% CI, 79‑91%) and 67% 
(95% CI, 44‑89%), respectively. Based on the optimized model, 
the best cut‑off value of the ETR was 0.87 (Fig. 2). Compared to 
the traditional risk factors of iMN, the AUCs were significantly 
decreased for 24‑h proteinuria (AUC, 0.69; 95% CI, 0.55‑0.85) 
and serum uric acid (AUC, 0.68; 95% CI, 0.55‑0.80) and slightly 
reduced for the eGFR (AUC, 0.70; 95% CI, 0.56‑0.85).

Changes in proteinuria and the eGFR at different levels of 
the ETR. The cases in the present study cohort were divided 
into four groups according to the quartiles of the ETR (Q1, 
0.09‑0.90; Q2, 0.90‑0.98; Q3, 0.98‑0.99 and Q4, 0.99‑1.00; with 
boundary values divided into lower intervals), and the 24‑h 
proteinuria levels corresponding to the ETR were calculated 
(Q1, 21.7‑8.8 g; Q2, 8.8‑4.0 g; Q3, 4.0‑2.0 g and Q4, 2.0‑0 g; 
with boundary values divided into lower intervals). Referring to 
the Toronto Risk Score risk classification (14), the four groups 

were classified into three groups: Q1, the high‑risk group, Q2, 
the medium‑risk group and Q3 and Q4, the low‑risk group. The 
changes in proteinuria and the eGFR in different categories of 
the ETR are displayed in Fig. 3. Significant correlations were 
found between the ETR and changes in proteinuria or the 
eGFR (both P‑values <0.001). The changes in proteinuria were 
not significantly different between the Q1 and Q2 groups [mean 
difference (MD), ‑0.9; 95% CI, ‑2.10‑0.30; P‑value=0.21], but 
significant differences were found between the Q1 and Q3 
groups (MD, ‑2.68; 95% CI, ‑3.87‑ ‑1.50; P‑value <0.001) and 
the Q1 and Q4 groups (MD, ‑2.80; 95% CI, ‑3.99‑ ‑1.61; P‑value 
<0.001). Additionally, the changes in the eGFR were signifi-
cantly different between the Q1 group and the other groups: Q2 
(MD=10.52, 95% CI 1.64‑19.39, P‑value=0.01), Q3 (MD=20.01, 
95% CI 11.21‑28.81, P‑value <0.001), and Q4 (MD=31.96, 95% 
CI 23.16‑40.76, P‑value <0.001).

Discussion

Given the toxicity of immunosuppressive therapies and the 
natural course of iMN, early prediction of renal outcomes is 

Table IV. Optimized prediction model.

	 Results of regression	 Therneau‑grambsch test
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑  -‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 HR (95% CI)	 P‑value	 ρ (χ2)	 P‑value

24‑h proteinuria (g/24 h)	 1.24 (1.10‑1.40)	 <0.001	 ‑0.05 (0.04)	 0.85
Serum uric acid (mg/dl)	 1.33 (0.98‑1.81)	 0.07	 ‑0.28 (1.13)	 0.29
Hypertension (Yes)	 4.31 (0.53‑35.35)	 0.17	‑ 0.19 (0.58)	 0.45
Chronic tubulointerstitial injury				  
  Grade 0	 1	‑	  1	‑
  Grade 1	 5.12 (1.33‑19.75)	 0.02	 0.21 (0.89)	 0.35
  Grade 2	 6.43 (1.35‑30.59)	 0.02	 0.13 (0.31)	 0.58

Figure 1. Nomogram of a model for estimation of the probability of renal survival and bootstrap calibration. (A) Nomogram of the optimized model. Points 
were assigned to parameters by drawing lines upward from the corresponding values to the ‘Points’ line. The sum of these points, plotted on the ‘Total points’ 
line, corresponds to the predicted three‑year survival as the primary endpoint. (B) Calibration plot of the nomogram. The predictive line (solid line) overlaps 
well with the ideal line (dotted line), indicating that the predictive value approximates the actual value.
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critical for therapy selection (32). However, to the best of our 
knowledge, there is no nomogram for the early prediction of 
the renal outcomes among patients with iMN at present. The 
current study showed that 24‑h proteinuria and chronic tubu-
lointerstitial injury are independently associated with poor 
renal outcomes in patients with iMN, and a validated model 
and nomogram for the early prediction of renal outcomes 
based on an optimized multivariate Cox proportional hazard 
model incorporating four variables at the time of renal biopsy 
(24‑h proteinuria, serum uric acid, chronic tubulointerstitial 
injury, and hypertension) was established.

Although the time at which immunosuppressive therapy 
is administered to patients with iMN is still controversial, 
aggressive immunosuppressant therapy has been confirmed 
to increase the remission rate of nephrotic syndrome and 
improve renal prognosis (6). In the present study cohort, 81.6% 
of patients received glucocorticoid therapy and 73% of patients 
received other immunologic agents. Among the cohort, 85.8% 
of patients achieved remission, which is significantly higher 
than the proportion of spontaneous remission (17,33).

Previous research has shown that male sex, older 
than 60  years, hypertension, nephrotic‑range protein-
uria and decreased eGFR are associated with a poor 
prognosis (8,16,33‑35). The results of the present study cohort 
also indicated that the 24‑h proteinuria level at the time of 
renal biopsy was an independent predictor for a poor renal 
outcome. Renal histology is usually required to diagnose MN, 
and most studies have suggested that pathological renal lesions 
other than chronic tubulointerstitial injury are not useful for 
predicting renal outcomes, which is consistent with the present 
results (36,37). In the present model, chronic tubulointersti-
tial injury was also an independent predictor for poor renal 
outcomes.

Unexpectedly, eGFR was removed by the AIC analysis, 
but serum uric acid and hypertension were maintained. 
Although the role of uric acid in the progression of CKD is 
controversial, increasing evidence has indicated that uric acid 

plays a considerable role in the progression of CKD (38,39). 
Approximately 10‑67% of patients have hypertension at 
the onset of MN (37,40). In the present study cohort, 58.2% 
of the patients had hypertension at the time of renal biopsy. 
Other studies have also demonstrated that the presence of 
hypertension at the onset of MN is a risk factor for poor renal 
outcomes (8,17,18).

Compared to other studies, the present model had some 
advantages (14,34). The four variables of the present model 
were confirmed to fit the assumption of Cox regression 
analysis and can be obtained easily at the time of renal 
biopsy. Furthermore, internal validation demonstrated 
that the model was robust for predicting the ETR and was 
significantly preferred over individuals' variables for the 
identification of poor renal outcomes. According to the 
ROC analysis, the specificity and sensitivity of the present 
model for the identification of poor renal outcomes were 85 
and 67%, respectively, and the best cut‑off value of the ETR 
was 0.87. In other words, patients with an ETR <0.87 likely 
progress to a poor renal outcome.

The present model indicated that the patients divided into 
the Q1 and Q2 groups would show more severe proteinuria 
and rapid progression of renal function decline, demonstrating 
that the model effectively predicted renal outcomes at an 
early stage. However, the changes in proteinuria and the 

Figure 2. Comparison of the differences in the AUC between the ETR and 
traditional risk factors (24‑h proteinuria, eGFR, and serum uric acid) for 
the identification of poor renal outcomes. AUC, area under the ROC curve; 
CI, confidence interval; eGFR, estimated glomerular filtration rate; ROC, 
receiver operating characteristic.

Figure 3. Trends of proteinuria and the eGFR for different ETRs. Cases were 
divided into four groups according to the quartiles of the ETR. (A) Changes 
in the urine protein‑to‑creatinine ratio. (B) Changes in the eGFR during the 
follow‑up. Points and bars represent the mean and standard error, respec-
tively. eGFR, estimated glomerular filtration rate; ETR, estimated three‑year 
renal survival rate.
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eGFR were significantly different in the Q2 and Q3 groups, 
suggesting that the model may be useful for the early iden-
tification of medium‑risk patients. Furthermore, after two 
years of follow‑up, the patients in the Q2 group more quickly 
developed a decreased eGFR, indicating that more aggressive 
immunosuppressive treatment is warranted for these patients.

There are several limitations to the present study. First, 
this was a small retrospective study, which may have caused 
bias in the results. Second, few cases reached the endpoint due 
to the nature of the cases that were included in the present 
study and the duration of the follow‑up. Although a variety 
of rigorous statistical analyses were used to verify the results, 
the stability of the model may have been affected. Third, most 
of the enrolled patients had received various immunosup-
pressive therapies during the follow‑up that may have shifted 
the survival curve. Finally, the enrolled patients were from a 
single center and were of the same ethnicity, which may affect 
the scalability of the model.

In conclusion, the present study suggested a new opti-
mized Cox regression model for the early prediction of renal 
outcomes in patients with iMN and developed a nomogram for 
the convenient calculation of the ETR. Patients with an ETR 
of <0.87 may require early immunosuppressive treatment. In 
addition, more attention should be directed toward patients 
with an ETR of 0.87‑0.98 during follow‑up.
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