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Background: The physical condition of patients with anti-neutrophil cytoplasmic antibody (ANCA)-

associated rapidly progressive glomerulonephritis (RPGN) is at times too critical for physicians to un-

dertake a renal biopsy. In such cases, physicians need to start treatments without determining the

pathological features of the disease. However, the prevalent clinical practice guidelines for ANCA-

associated RPGN in Japan do not necessitate the pathological findings in a renal biopsy for determining

first-line treatments. The aim of this study was to assess the correlation between the pathological find-

ings and the clinical guideline-based treatments of ANCA-associated RPGN.

Methods: We investigated clinical and pathological features of patients who were admitted to our hos-

pital to undergo a percutaneous renal biopsy for the diagnosis of ANCA-associated RPGN and were

treated per clinical practice guidelines formulated by the Japanese Society of Nephrology. We divided

patients into the following three groups according to their treatments: (a) group A, oral intake of pred-

nisolone (PSL) only; (b) group B, methylprednisolone (mPSL) pulse therapy followed by oral intake of

PSL; and (c) group C, mPSL pulse therapy followed by oral intake of PSL and the administration of im-

munosuppressive agents. We compared the crescent formation ratio (CFR) in glomeruli in each treat-

ment group.

Results: The median CFR (%; ±standard deviation [SD]) in group A (8.7%±7.7%) was significantly

lower than that in groups B (30.2%±15.7%) and C (71.3%±25.5%); group A vs. group B, P<0.05; group A

vs. group C, P<0.0001. In addition, the median CFR in group B was significantly lower than that in

group C (P<0.01). The median serum creatinine levels (mg/dL; ±SD) in both groups A (2.03±0.96 mg/

dL) and B (1.90±0.86 mg/dL) were significantly lower than that in group C (4.30±1.63 mg/dL); group A

vs. group C, P<0.01; group B vs. group C, P<0.01. No significant difference was observed in the serum

levels of C-reactive protein and ANCA in each treatment group. Although the pathological features of

renal biopsy are not included in the factors in the clinical scores described in the guidelines, guideline-

based treatments reflected the severity of the crescent formation in each treatment group.

Conclusions: This study suggests that the clinical practice guidelines for ANCA-associated RPGN used

in Japan facilitate physicians to determine disease management in patients presenting difficulties in un-

dergoing a renal biopsy. (J Nippon Med Sch 2018; 85: 259―264)

Key words: ANCA-associated RPGN, treatment, pathology

Introduction

At times, the physical condition of patients with anti-

neutrophil cytoplasmic antibody (ANCA)-associated rap-

idly progressive glomerulonephritis (RPGN) is too critical

for physicians to undertake a renal biopsy. Hence, the

Japanese Society of Nephrology (JSN) has formulated
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Fig.　1　The algorithm of treatment for anti-neutrophil cytoplasmic antibody (ANCA) -associated rapidly progressive glo-

merulonephritis (RPGN). The first-line therapy is determined by assessment of the clinical grade, age, and need 

for dialysis. Additional therapies are considered in case of continuation of disease activity (modified from refer-

ence 1). PSL, prednisolone; mPSL, methylprednisolone; CY, cyclophosphamide; IVCY, intravenous cyclophospha-

mide.
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First line therapy Grade or Grade Grade or Grade 

age 70 or dialysis age 70 or dialysis

Oral intake of PSL only: 
0.6~1.0 mg/day

Steroid pulse therapy 
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NO NOYES

In case of continued activity of the disease, addition of 
steroid pulse therapy : mPSL: 500~1000mg/day x 3 days 
or CY: 25~100 mg/day
or  ICVY: 250~750 mg/m2/day/month

Tapering of administration dose of PSL under 20 mg/day within 8 weeks 

oral intake of PSL with or without immunosuppressive agents

Maintenance therapy

YES

clinical practice guidelines for ANCA-associated RPGN1

to suggest first-line therapies to physicians based on a

patient’s clinical score, which is determined by age, pres-

ence or absence of lung diseases, and serum levels of cre-

atinine and C-reactive protein (CRP). After that, a

second-line therapy can be determined on the basis of

the therapeutic response to the first-line therapy. Hence,

physicians do not necessarily have to undertake a renal

biopsy when they use these clinical guidelines for the

treatment of patients with ANCA-associated RPGN in

critical conditions. In contrast, it is imperative for physi-

cians to assess whether the guideline-based treatments

are adequate for the severity of the pathological features

in patients who could have undergone a renal biopsy.

Materials and Methods

We retrospectively examined patients who were admitted

to our hospital to receive a percutaneous renal biopsy for

the diagnosis and treatment of ANCA-associated RPGN.

We compared the clinical and pathological features of

these patients in each treatment group.

Patients

We enrolled 29 patients with biopsy-proven crescentic

glomerulonephritis and/or necrotizing vasculitis in our

hospital. We excluded patients who were negative for

ANCA or positive for anti-glomerular basement mem-

brane antibodies. Finally, we enrolled 22 patients for

analysis. All enrolled patients fulfilled the criteria for the

Chapel Hill consensus conference definition of ANCA-

associated vasculitis2. Furthermore, we treated all patients

based on the clinical guidelines for ANCA-associated

RPGN formulated by the JSN1 (Fig. 1).

Informed Consent

In this study, we followed the retrospective observa-

tional information disclosure procedure (opt-out) of the

Nippon Medical School Chiba Hokusoh Hospital by ob-

taining informed consent from the study population. This

study was approved by the Ethics Committee of the Nip-

pon Medical School Chiba Hokusoh Hospital (no. 595).

Grouping of the Patients

We retrospectively reviewed the medical records of the

enrolled patients for their age, serum levels of creatinine

and CRP, and presence or absence of lung disease to de-

termine the clinical grade described in the clinical prac-

tice guidelines1 for ANCA-associated RPGN (Table 1).

We divided all patients into the following three groups

based on their treatments: (a) group A, oral prednisolone

(PSL) intake only; (b) group B, methylprednisolone

(mPSL) pulse therapy and oral intake of PSL; and (c)

group C, mPSL pulse therapy, combined with oral intake

of PSL and immunosuppressive agents. Notably, all these

treatments were based on the clinical guidelines for

RPGN, described earlier1.
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Table　1　Categorization of the clinical grade by the total clinical scores. The clinical grade is determined by the sum 

of each clinical score: age, serum levels of creatinine and C-reactive protein (CRP), and presence or ab-

sence of lung disease (modified from reference 1)

score
serum creatinine 

(Cr: mg/dL) 
age lung diseases

serum CRP
 (mg/dL) 

0 [Cr]<3 <60 none <2.6

1 3  [Cr]<6 60～ 69 2.6～ 10

2 6  [Cr] 70 + >10

3 dialysis

Clinical grade Total scores

Grade I 0～ 2

Grade II 3～ 5

Grade III 6～ 7

Grade IV 8～ 9

Table　2　Distribution of the clinical grades in each treat-

ment group. No significant difference was ob-

served in the distribution of each clinical grade 

in each treatment group (Fisher’s exact test for a 

3×3 contingency table)

Grade I Grade II Grade III

Group A (n=7) 1 4 2

Group B (n=6) 1 4 1

Group C (n=9) 1 3 5

Exact probability=0.68 (Fisher’s exact test for a 3×3 contin-

gency table)

Table　3　Clinical characteristics of each treatment group. 

No significant differences were observed in the 

serum levels of C-reactive protein (CRP) and an-

ti-neutrophil cytoplasmic antibody (ANCA)

Age (years)
Serum CRP
 (mg/dL) 

ANCA
 (IU/mL) 

Group A (n=7) 70.4±7.7 10.7±5.2 97.9±84.7

Group B (n=6)  72.8±10.1 12.7±6.4 132.5±113.0

Group C (n=9)  64.4±12.5 11.2±5.5 282.3±239.8

Assessment of Pathological Features in Renal Biopsy

Samples

In this study, we reviewed renal biopsies, processed

using normal techniques for light microscopy, obtained

from patients, and recorded the total number of glomer-

uli and glomeruli demonstrating crescent formation.

Then, we calculated the crescent formation ratio (CFR)

using the following equation:

CFR (%) = (the number of crescent formation glomer-

uli)/(the total number of glomeruli) × 100

Based on the classification system of ANCA-associated

glomerulonephritis, proposed by Berden et al.3, the

pathological glomerular features were categorized into

four groups as follows: focal (�50% normal glomeruli);

crescentic (�50% glomeruli with cellular crescents);

mixed (<50% normal, <50% crescentic, and <50% globally

sclerotic glomeruli); and sclerotic (�50% globally scle-

rotic glomeruli).

Survival Rate at 1 Year

One year after the treatment, we evaluated the number

of patients who were dead or alive and estimated the

survival rate in each treatment group.

Statistical Analysis

While continuous variables were compared using the

unpaired t-test, categorical variables were compared us-

ing the Fisher’s exact test. We considered P<0.05 as statis-

tically significant.

Results

Distribution of the Clinical Grade in Each Treatment

Group

The number of patients in groups A, B, and C was

seven, six, and nine, respectively. Each treatment group

included one patient with clinical grade I. The number of

patients with clinical grade II was four in both groups A

and B, and three in group C. In addition, the number of

patients with clinical grade III was two, one, and five in

groups A, B, and C, respectively. Of note, there was no

patient with clinical grade IV in this study. We observed

no significant difference in the distribution of each clini-

cal grade in each treatment group (Table 2).

The Serum Levels of CRP and ANCA at Baseline

The median serum CRP levels at baseline (mg/dL; ±

standard deviation [SD]) were 10.7±5.2 mg/dL in group

A, 12.7±6.4 mg/dL in group B, and 11.2±5.5 mg/dL in

group C. The median serum titers of ANCA at baseline

(IU/mL; ±SD) were 97.9±84.7 IU/mL in group A, 132.5±

113.0 IU/mL in group B, and 282.3±239.8 IU/mL in

group C. No significant difference was observed in the

serum levels of CRP and ANCA in each treatment group

(Table 3).

Distribution of the Pathological Classification in

Each Treatment Group

In this study, the number of patients with a focal type

pathological classification was seven, two, and one in

groups A, B, and C, respectively. The number of patients

with a mixed type pathological classification was two in
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Fig.　2　Crescent formation ratio (CFR) (%) and serum creatinine levels in each treatment group. CFR in group A was sig-

nificantly lower than that in group B. In addition, CFR in group A was significantly lower than that in group C, 

and CFR in group B was significantly lower than that in group C. The serum levels of creatinine in both groups A 

and B were significantly lower than that in group C. No significant difference was observed in the serum creati-

nine levels between groups A and B.
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Table　4　Distribution of the histological classification in 

each treatment group. Significant differences 

were noted in the distribution of the histological 

classification in each treatment group (P<0.001; 

Fisher’s exact test for a 3×3 contingency table)

Focal Mixed Crescentic

Group A (n=7) 7 0 0

Group B (n=6) 2 2 2

Group C (n=9) 1 0 8

Exact probability<0.001 (Fisher’s exact test for a 3×3 con-

tingency table)

Table　5　Crescent formation ratio (CER) (%), serum creat-

inine (sCr) levels, and survival rate at 1 year in 

each treatment group. CFR and sCr are ex-

pressed as mean values±standard deviation 

(SD). The survival rate at 1 year in group A was 

85.7%, 66.7% in group B, and 77.8% in group C

CFR (%) sCr (mg/dL) 
Survival rate
at 1 year (%)

Group A (n=7) 8.7±7.7 2.03±0.96 85.7

Group B (n=6) 30.2±15.7 1.90±0.86 66.7

Group C (n=9) 71.3±25.5 4.30±1.63 77.8

group B, and zero in groups A and C. In addition, the

number of patients with a crescentic type pathological

classification was two and eight in groups B and C, re-

spectively, while there was no patient with a crescentic

type pathological classification in group A. Of note, there

was no patient with a sclerotic type pathological classifi-

cation in this study (Table 4). We observed a significant

difference in the distribution of the pathological classifi-

cations in each treatment group (P<0.001, Fisher’s exact

test for a 3×3 contingency table).

CFR at Diagnosis and Serum Creatinine Levels at

Baseline in Each Treatment Group

The median CFR (%; ±SD) in group A (8.7%±7.7%) was

significantly lower than that in groups B (30.2%±15.7%; P

<0.05) and C (71.3%±25.5%; P<0.0001). Furthermore, the

median CFR in group B was significantly lower than that

in group C (P<0.01; Table 5; Fig. 2a).

The median serum creatinine levels (mg/dL; ±SD) in

both groups A (2.03±0.96 mg/dL) and B (1.90±0.86 mg/

dL) were significantly lower than that in group C (4.30±

1.63 mg/dL); group A vs. group C, P<0.01; group B vs.

group C, P<0.01. We observed no significant difference in

the serum creatinine levels between groups A and B (Ta-

ble 5; Fig. 2b).

Survival Rate at 1 Year in Each Treatment Group

In this study, the survival rate at 1 year was 85.7% (six
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of seven) in group A, 66.7% (four of six) in group B, and

77.8% (seven of nine) in group C (Table 5).

Discussion

Some studies have reported a correlation between the

prognosis and the pathological features of ANCA-

associated RPGN4―12, in which glomerular and tubu-

lointerstitial lesions are predictors of prognosticate renal

outcomes. Vergunst et al.6 demonstrated that these renal

pathological findings in conjunction with the estimated

glomerular filtration rate (eGFR) at baseline are good

prognostic predictors for renal outcomes. In contrast, Ber-

den et al.3 proposed a new classification for ANCA-

associated glomerulonephritis and highlighted the para-

mount importance of glomerular pathology in predicting

renal outcomes. Glomerular pathological features are

classified into four general categories as follows: (a) focal

(�50% normal glomeruli), (b) crescentic (�50% glomer-

uli with cellular crescents), (c) mixed (<50% normal, <

50% crescentic, and <50% globally sclerotic glomeruli),

and (d) sclerotic (�50% globally sclerotic glomeruli)3. Af-

ter their study, some other studies revealed that the com-

bination of this new pathological classification and other

prognostic predictors, including the percentage of normal

glomeruli, eGFR at baseline, myeloperoxidase-ANCA

positivity, and renal tubular atrophy, is useful to predict

the prognosis for renal outcomes8―12. Despite extensive re-

search on the prognosis and pathological features of

ANCA-associated RPGN4―12, limited studies have reported

treatments in conjunction with the pathological features;

thus, the selection criteria of treatments remain uncertain.

This study evaluated the CFR in glomeruli and com-

pared them to treatments based on the Japanese clinical

practice guidelines for ANCA-associated RPGN which

recommends physicians select first-line therapies by cal-

culating the sum of several clinical scores, including age,

serum levels of creatinine and CRP, and presence or ab-

sence of lung disease1. As pathological findings obtained

from renal biopsy specimens are not included in these

clinical scores, these guidelines are useful for the treat-

ment of patients with ANCA-associated RPGN whose

physical conditions are too critical to undergo a renal bi-

opsy. However, it is imperative for physicians to evaluate

the adequacy of clinical guideline-based treatments from

the perspective of the severity of the renal lesion in pa-

tients who are tolerant of a renal biopsy. In this study,

treatments based on the guidelines reflected the severity

of the crescent formation in each treatment group, al-

though the pathological glomerular features of renal bi-

opsy specimens are not involved in the factors that deter-

mine the clinical score explained in the guidelines. The

treatment in group A was only an oral administration of

PSL, whereas that in group B comprised an intravenous

infusion of mPSL followed by an oral administration of

PSL. Moreover, the treatment in group C included the

addition of cyclophosphamide (CY) to that in group B.

Since the immunosuppressive factor correlated with the

CFR in each treatment group, it might be possible that

physicians can select the treatments that are suitable for

the assumed glomerular lesion without undergoing a re-

nal biopsy by following these guidelines. Several reports

that evaluated the validation of the 2010 histological clas-

sification of ANCA-associated glomerulonephritis11 re-

vealed that patients with a crescentic type pathological

classification have a better prognosis of renal outcomes

than those with a sclerotic type8―12. In this study, the sur-

vival rate at 1 year in group C was 77.8%, which com-

pared favorably with those in groups A (85.7%) and B

(66.7%) (Table 5), whereas the ratio of patients with a

crescentic type pathological classification in group C was

significantly higher than those in groups A and B (Table

4). These results indicate that patients with a crescentic

type pathological classification could be treated with po-

tent immunosuppressive agents and might exhibit a good

prognosis, even though their CFRs were high at the time

of diagnosis, if they followed the clinical practice guide-

lines used in Japan1. Moreover, our results revealed that

patients intolerant to a renal biopsy could be treated ade-

quately to the severity of the assumed glomerular patho-

logical features if they followed the same guidelines.

Thus, we infer that these guidelines are useful for physi-

cians to determine the management of the disease in pa-

tients presenting difficulties in undergoing a renal biopsy.

The treatment given to two of the grade III patients

and that given to one of the grade I patients was not

typical when compared with the recommended therapies

described in the clinical guidelines1. The clinical guide-

lines suggest that physicians can lower or raise the im-

munosuppressive factor of each recommended treatment

according to the clinical condition of each patient1. Two

of the grade III patients described above should not have

been given immunosuppressive therapies because both of

them had a severe bacterial infection of the respiratory

tract. On the contrary, one of the grade I patients men-

tioned above was expected to have a good response to

immunosuppressive agents because the patient was 34

years old and did not have any critical complications.

These are the reasons why we administered only an oral
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intake of PSL to two of the grade III patients, while one

of the grade I patients was treated by mPSL pulse ther-

apy followed by oral intake of PSL and an administration

of immunosuppressive agents (Table 2).

Finally, the degree of crescent formation correlated

with the immunosuppressive factor in each treatment

group. Based on the clinical practice guidelines, physi-

cians could treat patients intolerant to renal biopsies in

accordance with the severity of their assumed glomerular

lesions because the guidelines do not mandate the patho-

logical features in selecting the treatment. Of note, this

study has the limitations of being a retrospective study

and of having enrolled a small number of patients. How-

ever, to the best of our knowledge, this is the first report

to assess the correlation between renal pathology and

treatment in patients with ANCA-associated RPGN.
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