
Background: Antineutrophil cytoplasmic antibodies (ANCA)-associated glomerulonephritis (AAGN) is a common cause of rapidly pro-
gressive glomerulonephritis and requires prompt and proper immunosuppressive therapy to improve renal prognosis. This study 
aimed to evaluate the predictive value of two different classifications for renal outcomes in Korean AAGN patients.
Methods: Ninety-two patients who were diagnosed with AAGN at two tertiary hospitals between 2004 and 2018 were retrospectively 
analyzed retrospectively. The histopathologic classification according to glomerular pathology and the clinicopathologic classification 
according to normal glomeruli ratio, degree of interstitial fibrosis/tubular atrophy, and baseline renal function were evaluated using 
the Cox proportional hazards model.
Results: Forty-five patients (48.9%) progressed to end-stage kidney disease (ESKD) during the observation period. The mean age 
was 61.0 ± 15.3 years, and most patients had myeloperoxidase-ANCA (93.5%). In the histopathologic classification, the best renal 
survival occurred in the focal class, whereas the sclerotic class had the worst renal survival (sclerotic class vs. focal class; adjusted 
hazard ratio [aHR], 5.05; 95% confidence interval [CI], 1.32–19.31; p = 0.018). The mixed class had intermediate renal outcomes 
(mixed class vs. focal class; aHR, 4.23; 95% CI, 1.23–14.58; p = 0.022). In the clinicopathologic classification, the high-risk group 
had poor renal outcomes compared with the low-risk group (aHR, 6.56; 95% CI, 1.25–34.26; p = 0.026), but renal outcomes did not 
differ between the low- and medium-risk groups.
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predictive value of the histopathologic and clinicopathologic 

classifications for renal outcomes among Korean AAGN 

patients.

Methods 

Patients 

This retrospective cohort study analyzed all patients 

diagnosed with AAGN at two university-based tertiary 

hospitals (Kyungpook National University Hospital and 

Seoul National University Hospital) from March 2004 to 

March 2018. Patients were eligible for inclusion if they met 

the following: (1) the criteria of the Chapel Hill Consensus 

Conference definition for AAV [2], (2) were positive serology 

for ANCA, (3) renal biopsy consistent with AAGN and 

the specimen contained ≥10 glomeruli [5,9], and (4) were 

followed up for ≥1 year. A total of 92 patients were included 

in this study. The study protocol was reviewed and approved 

by the Institutional Review Boards of Kyungpook National 

University Hospital (No. 2017-08-013-003) and Seoul 

National University Hospital (No. H1802-102-924). Informed 

consent was waived, as there was no infringement of the 

patients’ health or privacy during the study.  

Data collection and definition  

Data on patient demographics, comorbid diseases, and 

laboratory findings were surveyed at the time of renal 

biopsy from electronic medical records. Renal function was 

measured again at 1 year after diagnosis. The estimated 

glomerular filtration rate (eGFR) was calculated using 

the Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) creatinine equation [13]. Information on the 

development of ESKD and the last follow-up date was 

also collected. The development of ESKD was defined as 

requiring kidney transplantation, permanent hemodialysis, 

or peritoneal dialysis. Hypertension was defined as systolic 

blood pressure of ≥140 mmHg and/or diastolic blood 

Introduction 

Antineutrophil cytoplasmic antibodies (ANCA)-associated 

vasculitis (AAV) is characterized by necrotizing inflammation 

of small vessels and consists of a group of multisystemic 

diseases, such as microscopic polyangiitis, granulomatosis with 

polyangiitis, eosinophilic granulomatosis with polyangiitis, 

and renal limited vasculitis [1,2]. AAV commonly involves 

the kidneys and is a common cause of rapidly progressive 

glomerulonephritis [3]. Despite treatment, renal survival and 

patient survival are poor in patients with ANCA-associated 

glomerulonephritis (AAGN) [4,5]. Prompt diagnosis and 

immediate proper immunosuppressive therapy are necessary 

to prevent the progression of end-stage kidney disease (ESKD). 

However, immunosuppression can also cause an increased in 

short-term or long-term mortality, mainly by infection [6]. 

To prevent excessive immunosuppression and reduce 

complications, several studies have been conducted to find 

the histopathologic or clinical predictors for renal prognosis 

at the time of diagnosis. Various parameters, such as age, 

baseline renal function, percentage of normal/globally 

sclerotic glomeruli, and degree of interstitial fibrosis/tubular 

atrophy (IF/TA), have been identified as possible predictors 

[4,5,7,8]. However, they have limitations in predicting renal 

outcomes and have not been validated. Berden et al. [9] 

developed a simple histopathologic classification of AAGN 

divided into four classes (focal, crescentic, mixed, and 

sclerotic) according to glomeruli and crescent types. More 

recently, Brix et al. [10] accentuated the limitations of the 

histopathologic classification that reflects only glomerular 

findings. They developed a new classification according to 

the ANCA kidney risk scoring system that reflects not only 

histopathologic but also clinical findings. 

Both classifications were developed using data from 

western AAV patients. Although there are Chinese and 

Japanese validation studies for histopathologic classification 

[11,12], no studies have used a Korean cohort. Also, there 

are still no studies on the ANCA kidney risk score for Asian 

AAGN patients. Therefore, this study aimed to evaluate the 

Conclusion: In Korean AAGN patients, histopathologic and clinicopathologic classifications had predictive value for renal outcomes, 
especially in the sclerotic class or the high-risk group with higher risk of progression to ESKD despite treatment.
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pressure of ≥90 mmHg or the use of antihypertensive 

medication. Diabetes was defined as the use of glucose-

lowering agents, random glucose of ≥200 mg/dL, or 

hemoglobin A1c of ≥6.5%. 

Two renal pathologists (MHH and YJK) who were blinded 

to the patient information independently evaluated the renal 

specimens. The details of the evaluated histopathologic 

information are as follows: the number of total/normal/

crescentic (cellular or fibrous)/globally sclerotic glomeruli, 

histopathologic classification of AAGN using the algorithm 

developed by Berden et al. [9], and degree of IF/TA. 

The histopathologic classification was divided into four 

categories: focal class (≥50% normal glomeruli), crescentic 

class (≥50% cellular crescentic glomeruli), sclerotic class 

(≥50% globally sclerotic glomeruli), and mixed class (<50% 

normal, cellular crescentic, and globally sclerotic glomeruli) 

[9]. The detailed information and histopathologic images 

are shown in our previous report [14]. The interobserver 

variations of the histopathologic classification and the 

clinicopathologic score were identified (κ = 0.89 and κ = 

0.95, respectively), and the discrepancies between the two 

observers were resolved by consensus meetings according 

to the recommendation [15]. The clinicopathologic 

classification was divided into three groups (low, medium, 

and high) according to the risk scores that consist of 

the histopathologic parameters (percentage of normal 

glomeruli: >25%, 0 points; 10%–25%, 4 points; <10%, 6 points 

and degree of IF/TA: ≤25%, 0 points; >25%, 2 points) and the 

laboratory variable (eGFR at the time of diagnosis: >15 mL/

min/1.73 m2, 0 points; ≤15 mL/min/1.73 m2, 3 points) [10]. 

The risk groups were defined according to the sum scores: 

low-risk group, 0 points; medium-risk group, 2 to 7 points; 

and high-risk group, 8 to 11 points. 

Treatment 

Individual treatment information could not be retrieved in 

the data. The treatment was decided based on the general 

condition of the patient, comorbid diseases, and treatment 

protocols for AAGN [16,17]. Detailed information for general 

AAGN treatment has been described in a previous study 

[14]. In brief, high-dose intravenous methylprednisolone 

(500 mg/day for 3 days) with pulse intravenous or daily oral 

cyclophosphamide was used for induction. The steroid was 

then tapered to 1 mg/kg/day oral prednisolone for 4 to 6 

weeks. Low-dose oral prednisolone and oral azathioprine 

were used for maintenance immunosuppression. Rituximab 

was used as induction immunosuppressive therapy for 21 

patients (22.8%) since 2011. 

Statistical analysis 

Kolmogorov-Smirnov test was used to evaluate the normal 

distribution of variables. Continuous variables are presented 

as mean ± standard deviation or median (interquartile 

range, IQR) according to the distribution. Categorical 

variables are presented as number (percentage). Student 

t test or Mann-Whiney U test was used to compare the 

differences in continuous variables. Pearson chi-square test 

or Fisher exact test was used to compare the differences in 

categorical variables, as appropriate. Kaplan-Meier analysis 

was used to compare renal survival. A log-rank test was used 

to analyze the difference. Linear regression analysis was 

used to identify the associated factors for the 1-year change 

in eGFR. Cox proportional hazards regression analysis was 

performed to identify the predictors for renal survival. The 

statistic was used  to evaluate the interobserver difference for 

the histopathologic classification. Statistical analyses were 

performed with IBM SPSS for Windows, version 22 (IBM 

Corp., Armonk, NY, USA). A p-value of <0.05 was considered 

statistically significant. 

Results 

Baseline characteristics 

Among 92 AAGN patients, 45 (48.9%) had developed ESKD 

during a median of 475 days of follow-up (Table 1). The 

mean age was 61.0 ± 15.3 years at the time of diagnosis. 

Patients with ESKD had a tendency to be older than those 

without ESKD (63.4 ± 15.4 years vs. 57.1 ± 15.6 years; p = 

0.055). Hypertension was more common in the ESKD group 

than in the non-ESKD group (46.7% vs. 21.3%; p = 0.010). 

Baseline eGFR was significantly lower among ESKD patients 

(8.6 mL/min/1.73 m2 [7.0– 13.2 mL/min/1.73 m2] vs. 24.0 

mL/min/1.73 m2 [12.9–40.2 mL/min/1.73 m2]; p < 0.001). 

Most patients had myeloperoxidase (MPO)-ANCA (86 of 92, 

93.5%), and the proportion was similar between the ESKD 

and non-ESKD groups. 

For the histopathologic findings, the median number of 
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0.003). 

In the clinicopathologic classification, the sum of the 

ANCA kidney risk score was significantly higher in the ESKD 

group than in the non-ESKD group (9.0 [6.0–11.0] vs. 2.0 

[0.0–5.0]; p < 0.001). There was a larger proportion of the 

high-risk group and a lower proportion of the low-risk group 

in the ESKD group than in the non-ESKD group (ESKD vs. 

non-ESKD; high, 28 [62.2%] vs. 4 [8.5%]; low, 2 [4.4%] vs. 19 

[40.4%]; p < 0.001). 

glomeruli was 16.0, and the percentage of normal glomeruli 

was significantly lower (p < 0.001) in the ESKD group. In 

contrast, the percentage of globally sclerotic glomeruli was 

significantly higher (p = 0.004). A larger number of patients 

in the ESKD group had more than moderate (>25%) IF/

TA compared to the non-ESKD group (p < 0.001). In the 

histopathologic classification, the ESKD group had a higher 

rate of mixed and sclerotic classes, but the non-ESKD group 

had a higher rate of focal and crescentic classes (ESKD vs. 

non-ESKD; focal, 6.7% vs. 31.9%; crescentic, 22.2% vs. 34.0%; 

mixed, 40.0% vs. 29.8%; and sclerotic, 22.2% vs. 4.3%; p = 

Table 1. Baseline characteristics at the time of diagnosis  
Variable Total ESKD Non-ESKD p-value
No. of patients 92 45 47
Age (yr) 61.0 ± 15.3 63.4 ± 15.4 57.1 ± 15.6 0.055
Male sex 46 (50.0) 24 (53.3) 22 (46.8) 0.532
Comorbid disease
 Diabetes 11 (12.0) 6 (13.3) 5 (10.6) 0.690
 Hypertension 31 (33.7) 21 (46.7) 10 (21.3) 0.010
 Follow-up after diagnosis (day) 475.0 (87.0–1,268.0) 357.0 (68.0–1,344.0) 677.0 (320.0–1,175.0) 0.152
Laboratory data
 eGFR (mL/min/1.73 m2) 13.2 (8.1–25.5) 8.6 (7.0–13.2) 24.0 (12.9–40.2) <0.001
 Spot urine protein-to-creatinine ratio (g/g) 2.2 (1.5–3.9) 2.1 (1.5–4.1) 2.3 (1.5–3.8) 0.645
Immunologya 0.267
 MPO-ANCA 86 (93.5) 41 (91.1) 45 (95.7)
 PR3-ANCA 7 (7.6) 5 (11.1) 2 (4.3)
Histopathologic findings
 Total glomeruli number 16.0 (12.0–23.0) 16.0 (12.0–24.0) 16.0 (12.0–22.0) 0.427
 Normal glomeruli (%) 20.4 (8.3–39.1) 9.1 (0.0–18.6) 33.3 (20.8–50.0) <0.001
 Crescentic glomeruli (%) 54.2 (30.8–70.4) 58.3 (32.4–76.1) 50.0 (30.0–69.2) 0.124
 Globally  sclerotic glomeruli (%) 14.8 (0.0–30.2) 23.3 (6.3–38.8) 8.3 (0.0–23.1) 0.004
 IF/TA, >25% 42 (45.7) 29 (64.4) 13 (27.7) <0.001
Histopathologic classification 0.003
 Focal 18 (19.6) 3 (6.7) 15 (31.9)
 Crescentic 30 (32.6) 14 (22.2) 16 (34.0)
 Mixed 32 (34.8) 18 (40.0) 14 (29.8)
 Sclerotic 12 (13.0) 10 (22.2) 2 (4.3)
 ANCA kidney risk scoreb 5.0 (2.0–11.0) 9.0 (6.0–11.0) 2.0 (0–5.0) <0.001
Clinicopathologic classification <0.001
 Low 21 (22.8) 2 (4.4) 19 (40.4)
 Medium 39 (42.4) 15 (33.3) 24 (51.1)
 High 32 (34.8) 28 (62.2) 4 (8.5)
Data are expressed as number only, mean ± standard deviation, median (interquartile range), or number (%).
ANCA, anti-neutrophil cytoplasmic antibody; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; IF/TA, interstitial fibrosis/tubular 
atrophy; MPO, myeloperoxidase; PR3, proteinase 3.
aOne patient (1 of 92, 1.1%) had positivity for both MPO- and PR3-ANCA.
bSum score of the clinicopathologic parameters (percentage of normal glomeruli, degree of IF/TA, and eGFR at the time of diagnosis).
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Table 2. Rate of progression to end-stage kidney disease according to the classifications  
Variable 1 Year after diagnosis p-value Total follow-up period p-value
Histopathologic classification 0.003 0.003
 Focal  2/18 (11.1)  3/18 (16.7)
 Crescentic 10/30 (33.3) 14/30 (46.7)
 Mixed 15/32 (46.9) 18/32 (56.3)
 Sclerotic  9/12 (75.0) 10/12 (83.3)
Clinicopathologic classification <0.001 <0.001
 Low  1/21 (4.8)  2/21 (9.5)
 Medium 11/39 (28.2) 15/39 (38.5)
 High 24/32 (75.0) 28/32 (87.5)
Data are expressed as number (%).

respectively; both p < 0.001). 

As an index of therapeutic response, the changes in eGFR 

at 1 year after diagnosis (ΔeGFR1y) were compared (Fig. 1). 

In the histopathologic classification, ΔeGFR1y improved in 

the order of focal, crescentic, mixed, and sclerotic classes 

(Fig. 1A). ΔeGFR1y was significantly higher in the focal class 

than in the sclerotic class (p = 0.040). In the clinicopathologic 

classification, the high-risk group had worse ΔeGFR1y than 

both the low- and medium-risk groups (p = 0.034 and p = 

0.001, respectively) (Fig. 1B). In the multiple linear regression 

analyses for ΔeGFR1y, the mixed and sclerotic classes showed 

a faster decline of eGFR than the focal class after adjusting 

for age, sex, diabetes, and hypertension (model 1 with the 

histopathologic classification; both p < 0.05) (Table 3). After 

adjusting for the same factors, the decline of eGFR was 

greater in the high-risk group than in the low-risk group 

(model 2 with the clinicopathologic classification; p = 0.008), 

Renal outcomes and changes in renal function 

Thirty-six patients had progressed to ESKD at 1 year after 

diagnosis. The incidence of ESKD at 1 year was 11.1% (2 

of 18), 33.3% (10 of 30), 46.9% (15 of 32), and 75.0% (9 of 

12) in the focal, crescentic, mixed, and sclerotic classes, 

respectively (p = 0.003) (Table 2). The increasing trend with 

sequential category, focal, crescentic, mixed, and sclerotic 

classes, of the proportion of patients who developed ESKD, 

was also maintained during the total follow-up period 

(16.7% [3 of 18], 46.7% [14 of 30], 56.3% [18 of 32], and 83.3% 

[10 of 12], respectively; p = 0.003). In the clinicopathologic 

classification, the incidence of ESKD increased in the order 

of the low-, medium-, and high-risk groups both at 1 year 

after diagnosis and the entire follow-up period (1 year: 4.8% 

[1 of 21], 28.2% [11 of 39], and 75.0% [24 of 32]; total follow-

up: 9.5% [2 of 21], 38.5% [15 of 39], and 87.5% [28 of 32], 

Figure 1. Change of eGFR during 1 year after diagnosis (ΔeGFR1y). (A) Comparison by histopathologic classification. (B) Comparison 
by clinicopathologic classification. Box plots indicate median and interquartile range. Whiskers indicate 10th and 90th percentiles.
eGFR, estimated glomerular filtration rate.
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Table 3. Linear regression analysis of the change in eGFR during 1-year after diagnosis  

Variable
Univariate Model 1a Model 2b

β p-value β p-value β p-value
Age −0.33 0.007 −0.34 0.010 −0.28 0.020
Sex (reference, female) 0.03 0.790 0.06 0.643 0.03 0.786
Diabetes −0.02 0.894 0.02 0.873 0.09 0.431
Hypertension −0.08 0.526 0.02 0.867 0.02 0.898
eGFR at diagnosis 0.11 0.375
Percentage of glomeruli
 Normal 0.36 0.003
 Crescentic −0.10 0.418
 Sclerotic −0.29 0.018
Histopathologic classification
 Focal Reference Reference
 Crescentic −0.20 0.283 −0.25 0.127
 Mixed −0.39 0.021 −0.35 0.038
 Sclerotic −0.31 0.034 −0.36 0.012
Clinicopathologic classification
 Low Reference Reference
 Medium −0.01 0.943 0.03 0.864
 High −0.47 0.002 −0.42 0.008
eGFR, estimated glomerular filtration rate.
aModel 1 for histopathologic classification: adjusted for age, sex, diabetes, and hypertension. bModel 2 for clinicopathologic classification: adjusted for 
age, sex, diabetes, and hypertension.

models (p < 0.05).  

Prediction of renal survival  

In the Kaplan-Meier analysis, renal survival was significantly 

different according to the histopathologic classification (log-

rank p < 0.001) (Fig. 2). The mixed and sclerotic classes had 

worse renal outcomes than the focal class (p = 0.008 and p 

< 0.001, respectively). The crescentic class had a tendency 

for poorer renal survival than the focal class (p = 0.059). 

When dividing patients according to the cutoff of each 

parameter in the clinicopathologic classification, all three 

items (percentage of normal glomeruli, IF/TA, and baseline 

eGFR) were individually associated with renal survival (all 

log-rank p < 0.001), but normal glomeruli ratios of >25% and 

10% to 25% did not differ in renal survival (p > 0.05; Fig. 3A–

C). In the clinicopathologic classification, renal survival was 

decreased in the a low, medium, and high order of risk (log-

rank p < 0.001) (Fig. 3D). 

In the multivariate Cox regression analysis of renal 

outcome, the mixed and sclerotic classes were independent 

predictors for ESKD (vs. the focal class; mixed class: 

but the medium-risk group did not show significance. Aging 

was identified as a negative predictor for ΔeGFR1y in both 

Figure 2. Kaplan-Meier curve for renal survival according to 
histopathologic classification.
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of the clinicopathologic classification was independently 

associated with the worse renal outcome (vs. low-risk; aHR, 

6.56; 95% CI, 1.25–34.26; p = 0.026), but the medium-risk 

adjusted hazard ratio [aHR], 4.23; 95% confidence interval 

[CI], 1.23–14.58; p = 0.022; sclerotic class: aHR, 5.05; 95% CI, 

1.32–19.31; p = 0.018; model 1) (Table 4). The high-risk group 

Lim, et al. sST2 and galectin-3 in hemodialysis

83www.krcp-ksn.org



Table 4. Predictors for progression to end-stage kidney disease in the Cox proportional hazards model  

Variable
Univariate Model 1a Model 2b

HR (95% CI) p-value aHR (95% CI) p-value aHR (95% CI) p-value
Age 1.03 (1.01−1.06) 0.015 1.02 (0.99−1.04) 0.210 1.01 (0.99−1.04) 0.263
Sex 1.22 (0.67−2.20) 0.514 1.23 (0.66−2.28) 0.520 1.32 (0.72−2.40) 0.372
Diabetes 1.42 (0.60−3.37) 0.425
Hypertension 1.85 (1.03−3.33) 0.039 0.95 (0.50−1.79) 0.871 1.15 (0.61−2.17) 0.674
eGFR at diagnosis 0.90 (0.86−0.95) <0.001 0.91 (0.87−0.96) <0.001 0.95 (0.91−1.00) 0.049
Percentage of glomeruli
 Normal 0.96 (0.94−0.98) <0.001
 Crescentic 1.01 (1.00−1.02) 0.156
 Sclerotic 1.02 (1.01−1.04) <0.001
Histopathologic classification
 Focal Reference Reference
 Crescentic 3.40 (0.98−11.85) 0.054 2.45 (0.69−8.67) 0.165
 Mixed 5.04 (1.48−17.19) 0.010 4.23 (1.23−14.58) 0.022
 Sclerotic 9.88 (2.66−36.62) 0.001 5.05 (1.32−19.31) 0.018
Clinicopathologic classification
 Low Reference Reference
 Medium 4.40 (1.01−19.23) 0.049 2.56 (0.54−12.12) 0.237
 High 18.63 (4.38−79.17) <0.001 6.56 (1.25−34.26) 0.026
aHR, adjusted hazard ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
aModel 1 for histopathologic classification: adjusted for age, sex,  hypertension, and eGFR at diagnosis. bModel 2 for clinicopathologic classification: 
adjusted for age, sex,  hypertension, and eGFR at diagnosis.

patients. Therefore, MPO-ANCA positive patients have a higher 

risk of renal failure [19–21]. In the histopathologic classification 

according to glomerular pathology, the focal class had the best 

renal survival, and the mixed and sclerotic classes had the 

worse and worst renal survival, respectively. However, the 

crescentic class did not differ in renal survival compared 

to the focal class. In the clinicopathologic classification 

according to the percentage of normal glomeruli, degree 

of IF/TA, and baseline renal function, the high-risk group 

had poor renal survival than the low- or medium-risk 

group; however, there was no difference in renal survival 

between the low- and medium-risk groups. These results 

demonstrated that the classifications that originated from 

western countries were moderate in predicting renal 

outcomes in Asian AAGN patients. In particular, they 

showed high predictability for renal outcomes in the worst 

prognosis groups, such as the sclerotic class or the high-risk 

group. 

AAGN is the most common manifestation of AAV and is 

highly associated with morbidity and mortality [6,20]. There 

are several known prognostic factors for progression to 

ESKD in AAGN, but it is difficult to predict renal outcomes 

group was not associated with poor renal outcome compared 

to the low-risk group (model 2). 

In addition, the associations of active inflammatory 

lesions in histopathology and renal outcomes are shown 

in Supplementary Table 1 (available online). Among the 

active inflammatory lesions, such as glomerular fibrinoid 

necrosis, peritubular capillaritis, tubulitis, and interstitial 

inflammation, moderate to severe interstitial inflammation 

was an independent predictor for ESKD after adjustment of 

age, sex, and hypertension (aHR, 2.40; 95% CI, 1.09–5.31; p = 

0.031). 

Discussion 

This study evaluated the renal prognostic value of both 

histopathologic and clinicopathologic classifications among 

Korean AAGN patients. Unlike in western countries [9,10,18], 

the Korean AAGN cohort had a higher proportion of MPO-

ANCA positive and higher incidence of progression to 

ESKD. Previous studies have shown that patients with MPO-

ANCA have more abundant active and chronic lesions in renal 

histopathology than those of proteinase 3-ANCA positive 
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accurately with any single factor [5,7,10]. Berden et al. [9] 

developed a simple histopathologic classification from 

European AAGN patients, which focused on the glomerular 

findings, except background tubulointerstitial findings and 

clinical findings. They reported that the focal class had a 

favorable outcome, the mixed class had an intermediate 

outcome, and the sclerotic class had the highest risk of 

not recovering renal function and progression to ESKD. 

Several western and Asian studies have also evaluated 

the prognostic value of the histopathologic classification 

[6,12,20,22,23]. Most studies, including a recent meta-

analysis, showed similar outcomes: the best outcome in 

the focal class and the worst outcome in the sclerotic class 

[6,12,20,22,23]. Globally sclerotic glomeruli are not AAGN-

specific findings. However, regardless of the AAGN disease 

activity, these chronic lesions indicate less response to 

treatment and a higher risk of progression to ESKD [7,24]. 

Unlike these classes, there is a controversy about the 

outcome of the crescentic and mixed classes. Some studies 

have reported that the crescentic class has a worse outcome 

than the focal or mixed class [6,23,25]. Others have reported 

a non-inferior outcome of the crescentic class compared 

to the focal class because of a good therapeutic response 

[9,12,20]. The results of this study are consistent with the 

latter—with Berden et al. [9] and the Japanese cohort 

studies [12]. Among Korean AAGN patients, the outcome 

of the crescentic class was relatively good and not inferior 

to the focal class. Recently, van Daalen et al. [26] reported 

a validation study for AAGN from patients worldwide. The 

ΔeGFR1y was significantly higher in the crescentic class 

than in the mixed class despite similar renal function at the 

time of diagnosis, indicating that the crescentic class had a 

better treatment response. They explained that this would 

be related to the different composition of crescent types—

that the crescentic class is characterized by a majority of 

cellular crescents and these are reversible lesions, but the 

mixed class has more heterogeneous crescent types, such 

as fibrocellular and fibrous crescents, with poor response 

to treatment [26,27]. These results may also be related to 

the association of different human leukocyte antigen by 

ethnicity in AAV patients [11]. Thus, based on the results of 

this study, Korean AAGN patients with the focal or crescentic 

class will need active treatment. 

Brix et al. [10] developed a more complex classification 

using a calculation based on the ANCA kidney risk score. All 

three factors included in this classification (normal glomeruli 

ratio, degree of IF/TA, and baseline renal function) are 

well- established prognostic markers of AAGN in previous 

studies [4,5,7,15,24]. They determined the appropriate 

cutoff through rigorous analysis of the German AAGN 

cohort and divided the groups by scoring. The advantage of 

this classification is that it reflects both clinical laboratory 

(eGFR) and histopathologic (normal glomeruli and IF/TA) 

parameters. However, although these clinicopathologic 

variables were aggregated, the renal prognosis of the low- 

and medium-risk groups did not differ in the Korean cohort. 

A recent Turkish study also reported the same results as 

in this study [28]. There are some possible reasons for this 

inconsistent result. First, the cutoff value of the percentage of 

normal glomeruli was too low. Berden et al. [9] considered 

significance when the normal glomeruli percentage was 

higher than 50%, but Brix et al. [10] set the cutoffs at a lower 

rate of 10% and 25%. Hilhorst et al. [25] reported the worst 

survival in AAGN patients with normal glomeruli percentage 

of <25%. Tanna et al. [5] reported a significant difference in 

renal survival among normal glomeruli percentages of 0% 

to 20%, 21% to 50%, and >51%. There was no difference in 

renal survival between normal glomeruli percentages of 

10% to 25% and >25% in the results of this study. Therefore, 

a modified cutoff of the normal glomeruli ratio is required 

to accurately predict survival among Korean AAGN patients. 

Second, the proportion of patients who progressed to ESKD 

was much higher in this study. The cohort in this study had 

a lower baseline eGFR and a higher percentage of sclerotic 

glomeruli than the cohort studied by Brix et al. [10], and the 

proportion of MPO-ANCA positive was also higher. All these 

indicators suggest a higher risk of progression to ESKD. 

Additionally, ethnicity may have possibly contributed to the 

difference in results from the previous study. 

In addition to the aforementioned histopathologic 

classification, an analysis of the association between 

histopathologic findings reflecting active lesions and 

renal survival revealed that moderate to severe interstitial 

inflammation independently increased the risk of ESKD. 

This result is consistent with a previous study that reported 

diffuse interstitial infiltration of inflammatory cells is a 

predictor for poor renal outcome in European patients with 

AAGN [4]. 

The incidence of AAGN increases with age. It is the 

second most common glomerulonephritis among Korean 
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is performed according to the same national health 

insurance guidelines. Fourth, there is a possibility of sample 

bias. Partial tissue specimen cannot reflect the overall renal 

disease condition. However, like other AAGN studies [5,8], 

the bias was reduced by screening specimens that contained 

more than 10 glomeruli. 

In conclusion, both histopathologic and clinicopathologic 

classifications were moderately able to predict the renal 

prognosis of Korean AAGN patients. For the sclerotic class or 

the high-risk group at diagnosis, the predictability for poor 

renal outcome was high due to poor response to treatment, 

and they had a high risk of progression to ESKD. Accordingly, 

clinicians need to balance the risks and benefits of treatment 

in Korean AAGN patients by identifying the group at high 

risk for renal outcomes. 
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patients aged above 70 years who underwent renal biopsy 

[29,30]. AAGN patients have a high risk of not only renal 

failure but also death, so prompt diagnosis and proper 

management are necessary. However, the mortality of 

AAV patients within the first 12 months after diagnosis was 

as high as 11%, and half of them died from infection [31]. 

Intensive immunosuppression also results in other adverse 

events, such as malignancy, bone marrow suppression, 

and gastrointestinal bleeding [31]. Thus,  especially in 

elderly patients who are vulnerable to the adverse effects of 

immunosuppressive therapy, it is important to accurately 

predict the therapeutic response and provide an appropriate 

intensity of treatment. Neither the histopathologic nor 

the clinicopathologic classification perfectly predicts 

renal outcomes in Korean AAGN patients. However, 

both classifications showed high predictability of ESKD 

progression for patients in either the sclerotic class or the 

high-risk group. In these patients, treatment intensity should 

be adjusted to consider the worse renal prognosis with less 

therapeutic response. Also, background histopathologic 

findings such as interstitial inflammation need to be 

considered more to accurately predict the renal outcome. In 

a recently published study on crescentic glomerulonephritis 

patients, severe arteriosclerosis and tertiary lymphoid organ 

formation are independent predictors for renal survival 

after adjusting for age and baseline renal function [14]. By 

considering indicators that reflect chronic changes and 

inflammation activity, a more accurate prediction of renal 

outcomes will be possible. 

The strength of this study is that it analyzed unselected 

patients who were diagnosed with AAGN at two university-

based hospitals in Korea. For the first time in Korean 

AAGN patients, the predictive value of two European origin 

classifications was assessed. However, there are several 

limitations. First, this is a retrospective study, so there is 

a limitation to documenting the effectiveness of various 

treatments on renal outcomes. Second, the number of study 

patients was relatively small, although patients diagnosed 

with AAGN for a long period were included. This may 

reduce the validity. However, in both classifications, the 

number of patients was distributed appropriately in each 

class. Third, patients were treated at the discretion of the 

clinicians at each hospital. However, although there was no 

standard treatment, the Korean national health insurance 

system covers most medical expenses; therefore, treatment 
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