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Abstract

Background The etiology, prevalence, and prognosis of
rapidly progressive glomerulonephritis (RPGN) including
renal vasculitis vary among races and periods.

Method To improve the prognosis of Japanese RPGN
patients, we conducted a nationwide survey of RPGN in the
nephrology departments of 351 tertiary hospitals, and found
1772 patients with RPGN (Group A: diagnosed between
1989 and 1998, 884 cases; Group B: diagnosed
between 1999 and 2001, 321 cases; and Group C: diagnosed
between 2002 and 2007, 567 cases). ANCA subclasses,
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renal biopsy findings, treatment, outcome and cause of .
death were recorded.

Result  The most frqquent primary disease was renal-
limited vasculitis (RLV) (42.1%); the second was micro-
scopic polyangiitis (MPA) (19.4%); the third was
anti-GBM-associated RPGN (6.1%). MPO-ANCA was
positive in 88.1% of RLV patients and 91.8% of MPA
patients. The proportion of primary renal diseases of RPGN
was constant during those periods. The most frequent
cause of death was infectious complications. The serum
creatinine at presentation and the initial dose of oral
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prednisolone decreased significantly in Groups B and C
compared to Group A. However, both patient and renal
survival rates improved significantly in Groups B and C
(survival rate after six months in Group A: 79.2%, Group
B: 80.1%, and Group C: 86.1%. Six-month renal survival
in Group A: 73.3%, Group B: 81.3%, and Group C:
81.8%).

Conclusion Early diagnosis was the most important fac-
tor for improving the prognosis of RPGN patients. To
avoid early death due to opportunistic infection in older
patients, a milder immunosuppressive treatment such as an
initial oral prednisolone dose reduction with or without
immunosuppressant is recommended.

Keywords Anti-neutrophil cytoplasmic antibody
(ANCA) - Myeloperoxidase (MPO) - Microscopic
polyangiitis (MPA) - Renal vasculitis - Rapidly progressive
glomerulonephritis (RPGN) - RPGN clinical

grading system

Introduction

Rapidly progressive glomerulonephritis (RPGN) is defined
as a clinical syndrome involving abrupt or insidious onset
of hematuria, proteinuria, anemia, and rapidly progressive
renal failure. The number of RPGN patients has increased
recently (1], which may be a consequence of the wider
availability of anti-neutrophil cytoplasmic autoantibody
(ANCA) assays, improved recognition of the disease,
increased referral rates to tertiary centers, and more effi-
cient approaches to renal biopsy in recent years {2]. Fur-
thermore, the prognosis for patients with RPGN is regarded
as having improved over the last-20 years [2], especially
the short-term prognosis of renal-limited vasculitis [3]. In
contrast, the prognosis for older patients with RPGN and
the long-term renal survival of patients with RPGN are still
a concern [4-6]. RPGN is a condition that is not commonly
encountered in individual nephrology departments, and the
etiology of RPGN is diverse. Consequently, we started this
observational study in 1998 to clarify the actual status of
Japanese patients with RPGN, treatment attitudes regarding
RPGN, the prognosis for these patients, and to formulate
clinical guidelines for Japanese patients with RPGN. To do
this, we conducted a nationwide survey of RPGN patients
between 1989 and 2007. In 2002, we published our Japa-
nese clinical guidelines for RPGN based on the survey
results for 715 cases of RPGN in Japan [7]. From our
observational study, we showed yearly changes in both
primary renal diseases for RPGN, and the effect of the
clinical guidelines on both the physician’s treatment atfi-
tude toward RPGN patients and the outcome before
and after the clinical guidelines had been published.

@ Springer

Furthermore, we evaluated the effect of the Japanese
clinical guidelines for RPGN on the outcome by analyzing
our prospective cohort of RPGN patients in Japan.

Subjects and methods
Subjects

We retrospectively collected records of patients with RPGN
from 1989 to 1998 and prospectively collected the clinical
records of RPGN patients from 1999 to 2007 by mailing a
questionnaire form annually to 351 nephrology departments
of tertiary hospitals in Japan. This study was approved by the
medical ethics committee at the Graduate School of Com-
prehensive Human Sciences, University of Tsukuba in
accordance with the guidelines on epidemiological research
from the Ministry of Health, Labor and Welfare of Japan.
The definition of RPGN was based on clinical findings as
follows: rapidly progressing renal failure from several weeks
to a few months accompanied by the following nephritic
urinary abnormalities: hematuria (mostly microscopic
hematuria, but occasionally gross hematuria), proteinuria,
and red blood cell casts or granular casts in the urine sedi-
ment. One hundred seventy-one nephrology departments
responded and presented 1772 RPGN cases for this study.

We evaluated the RPGN cases by stratifying patients into
three periods depending on the year of diagnosis of RPGN.
The RPGN patients who were diagnosed between 1989 and
1998 were classified into the first period (Group A: 884
cases), and these subjects were retrospective cases. The
RPGN patients who were diagnosed between 1999 and 2001
were classified into the second period (Group B: 321 cases);
this was the period when we started the analysis of Japanese
cases of RPGN and when some of the results were
announced in Japan. The RPGN patients who were
diagnosed between 2002 and 2007 were classified into the
third period (Group C: 567 cases); this was the period
after we had published the Japanese guidelines for RPGN in
2002 [71.

Clinical evaluation and treatment methods

Baseline characteristics including age, sex, comorbid
conditions, features of prodromal illness, and clinical,
biochemical, serological. and urinary features at patient
presentation were obtained from clinical records. Follow-
up clinical data including serum creatinine, ANCA titer,
anti-GBM anitibody titer, C-reactive protein, recurrence
and outcome concerning survival, dialysis dependence
after 1, 2, 3, 6, 12, and 24 months, start of dialysis therapy,
the final follow-up date, and cause of death were also
documented. Relapse was defined as a rise in the creatinine
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concentration with nephritic sediment and other signs or
symptoms of vasculitis. The initial dose of oral predniso-
lone, its duration of initial dose, and immunosuppressive
treatment were also recorded.

The classification of RPGN was based on Glassock’s
classification [8]. The diagnosis of primary renal disease
for RPGN was made by each institution.

Statistical analysis

Regarding differences in the continuous variables between
the groups, the unpaired Student’s 7 test was applied after a
symmetrical distribution was confirmed. Otherwise, the
Mann-Whitney U test was applied. We used the chi-square
test to analyze the frequencies of categorical variables,
Both renal and patient survival rates were estimated by the
Kaplan-Meier method. A prognostic factor was determined
by the chi-square test, and then hazard ratios for patient
outcome were estimated using a Cox regression model
after confirming the proportionality in each model. To
evaluate prognostic factors among our subjects at the start
of treatment, we selected age, renal function (serum cre-
atinine, urinary volume), glomerular damage (hematuria,
proteinuria, cast formation), general status (serum albumin,
serum total protein, hemoglobin), systemic inflammation
(C-reactive protein, erythrocyte sedimentation rate, WBC
count), and extrarenal complications (blood pressure,
presence of lung involvement). Lung involvement indicates
existence of chest X-ray abnormality, interstitial pneumo-
nitis or lung bleeding. A p value of less than 0.05 was
considered significant. The statistical analyses were per-
formed in part using SPSS software v.15.0.

Results

Classification, causes, and yearly changes of RPGN
in Japan

Table 1 shows the number of patients with RPGN and yearly
changes in frequencies. Among the total RPGN patients,
42.0% showed pauci-immune-type crescentic GN (renal-
limited vasculitis: RLV), 19.4% MPA, and 2.6% Wegener’s
granulomatosis; thus, 64.0% exhibited pauci-immune-type
RPGN. Anti-GBM-type RPGN and Goodpasture’s syn-
drome were exhibited by 6.1% of RPGN patients. Among
cases of primary crescentic GN, only 2.0% were immune-
complex-type RPGN. Most of the cases of immune-com-
plex-type RPGN were secondary RPGN due to other primary
glomerulonephritis or secondary RPGN due to lupus or
cryoglobulinemia.

Among patients with pauci-immune-type RPGN, the
proportion of RLV was slightly decreased, whereas the
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proportion of MPA was increased during the observation
period. The rate of patients with anti-GBM antibody was
constant, and one quarter of these had been complicated
with lung disease during the last 20 years (namely Good-
pasture’s Syndrome). The number and proportion of pri-
mary immune-complex-type RPGN cases among the total
decreased recently.

Among all RPGN patients, female subjects were pre-
dominant. This difference was mainly due to patients with
systemic lupus erythomatosus (SLE) and MPA. On the
other hand, a slight male predominance was observed in
patients with Wegener’s granulomatosis. Among all RPGN
subjects, the mean age significantly increased during the
observation period. The main reason for this change was a
significant increase in the mean age of subjects with RLV,
MPA, and anti-GBM antibody-mediated RPGN in recent
years (Table 2).

Yearly changes in renal function and other values
at presentation during the observation period

The mean serum creatinine level at presentation among all
RPGN patients was significantly reduced in Groups B and
C compared to Group A. However, serum creatinine at
presentation was not reduced in anti-GBM antibody-asso-
ciated crescentic GN, Goodpasture’s syndrome, SLE, and
Wegener’s granulomatosis. Urinary protein at presentation
was significantly reduced in anti-GBM antibody-associated
crescentic GN between Groups B and C, and in SLE
between Groups A and C. However, urinary protein was
significantly increased in immune-complex-associated GN
between Groups A and C, and in RLV between Groups A
and B. CRP was significantly increased in Goodpasture's
syndrome between Groups A and B, and Groups A and C,
and significantly decreased in MPA between Groups A and
C. There was no significant difference in hemoglobin at
presentation during the observation period (Table 3).
Among all RPGN patients, 18.8% of the subjects had
interstitial pneumonitis, and 10.5% of the subjects had lung
bleeding.

The prevalence of ANCA subgroups was analyzed in the
subjects with RLV, MPA, and Wegener’s granulomatosis
(Table 4). The positive rate of MPO-ANCA among
patients with RLV was 88.1%, that of MPA was 91.8%,
and that of Wegener’s granulomatosis was 22.7%. The
positive rate of PR3-ANCA among patients with RLV was
74%, that of MPA was 6.1%, and that of Wegener’s
granulomatosis was 71.1%. Furthermore, 38 patients with
RLV, 13 patients with MPA and 3 patients with Wegener’s
granulomatosis were both MPO-ANCA and PR3-ANCA
positive, and 71 patients with RLV, 21 patients with MPA
and 6 patients with Wegener’s granulomatosis were both
MPO-ANCA and PR3-ANCA negative.
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Table 1 Number of patients with RPGN and yearly changes in frequencies

Diagnosis Classification Group A Group B Group C  Total RPGN cases
n % n % n % n %
Primary
Crescentic GN Anti-GBM antibody-associated crescentic GN = 39 44 20 62 22 3.9 81 4.6
Immune-complex-associated crescentic GN 26 29 3 0.9 6 1.1 35 2.0
Renal-limited vasculitis 345 39.0 151 47.0 249 439 745 420
Overlapped crescentic GN 19 2.1 5 1.6 7 1.2 31 1.7
Undifferentiated primary crescentic GN 14 1.6 2 0.6 12 2.1 28 1.6
Primary GN with crescents Mesangioproliferative glomerulonephritis 9 1.0 2 0.6 4 0.7 15 08
Membranous nephropathy 2 02 2 0.6 1 0.2 5 0.3
IgA nephropathy 25 2.8 9 2.8 9 1.6 43 24
Non-IgA mesangial proliferative GN 0.5 2 0.6 2 0.4 8 0.5
Other primary GN 2 0.2 0 0.0 1 0.2 3 0.2
Systemic disease-associated
Goodpasture’s syndrome 14 1.6 5 1.6 8 1.4 27 1.5
Systemic lupus erythematosus 50 5.7 5 1.6 1l 1.9 66 3.7
Wegener’s granulomatosis 23 2.6 9 28 14 2.5 46 2.6
Microscopic polyangiitis 157 17.8 58 181 129 22.8 344 194
Other necrotizing vasculitis 6 0.7 5 1.6 4 0.7 15 0.8
Purpura nephritis 18 2.0 5 1.6 13 2.3 36 2.0
Cryoglobulinemia 5 0.6 3 09 4 0.7 12 0.7
Rheumatoid arthritis 18 2.0 2 0.6 4 0.7 24 1.4
Malignant neoplasm 2 0.2 1 0.3 0 0.0 3 0.2
Other systemic diseases 22 2.5 9 2.8 9 1.6 40 2.3
Infection-associated
‘ Poststreptococcal acute glomerulonephritis 8 0.9 2 0.6 0 0.0 10 0.6
Abscess 1 0.1 2 0.6 3 0.5 6 0.3
Hepatitis C virus 1 0.1 1 03 0 0.0 2 0.1
Other infectious diseases 13 1.5 2 0.6 5 0.9 20 1.1
Drug-associated 0.8 1 03 2 04 10 0.6
Others 7 0.8 1 0.3 9 1.6 17 1.0
Unknown 47 53 14 44 39 69 100 5.6
Total 884 100.0 321 100.0 567 100.0 1772 1000

Prognosis and cause of death

During the entire observation period, 351 patients (39.7%)
died in Group A, 110 patients (34.3%) died in Group B,
and 102 patients (18.0%) died in Group C. Table 5 shows
the causes of death in those subjects. The most frequent
cause of death was infectious complications. The second
was respiratory failure. The rate of infection was the
highest in Group C, because infection as a cause of death
was frequent in the early phase of treatment. Figure 1A
shows the results of a Kaplan-Meier analysis of patient
survival. Patient survival was significantly improved in
Group C compared to that in Group A (p < 0.05). The six-
month survival rate was 79.2%, that for 12 months was
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75.5%, and that for 24 months was 72.0% in Group A. The
corresponding values for Group B were 80.1, 78.3, and
72.8%, respectively. In Group C, they were 86.1, 82.8, and
77.7%, respectively.

Table 6 shows the survival rates in patients with each
type of RPGN, Patients with RLV and MPA showed a
significant improvement in survival in Group C, whereas
patients with other types of RPGN did not.

Figure 1B shows the results of a Kaplan—Meier analysis
of renal survival. Renal survival was significantly
improved in Groups B and C compared to Group A
(p < 0.05). The six-month survival rate was 73.2%, that at
12 months was 71.9%, and that at 24 months was 68.7% in
Group A. The corresponding values in Group B were 81.3,
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Table 2 Sex and age distribution of RPGN cases at presentation

Group A Group B Group C

Male Mean SD  Age Male Mean SD  Age Male Mean SD  Age

(%) age range (%) age range (%) age range
Primary
Crescentic GN
Anti-GBM antibody-associated crescentic GN  48.8 52.05 1651 10-79 450 54.83 18.82 19-83 409 61.59 18.34 11-77°¢
Immune-complex-associated crescentic GN 53.9 54.27 18.66 14-77 66.7 70.00 9.09 60-82 500 51.50 24.82 11-75
Renal-limited vasculitis 446 61.85 1495 6-88 543 6498 14.13 13-91 500 67.28 13.12 1-92%°¢
Overlapped crescentic GN 444 60.84 1561 6-82 200 6480 9.20 50-73 429 51.29 2624 8-72
Undifferentiated primary crescentic GN 69.3 56.62 23.92 8-84 0.0  73.00 14.00 59-87 50.0 63.36 1529 29-81
Primary GN with crescents
Mesangioproliferative -glomerulonephritis 778 50.56 2650 6-75 100.0 71.50 6.50 65-78 100.0 7475 130 73-76
Membranous nephropathy 50.0 59.00 3.00 56-62 500 41.00 27.00 14-68 100.0 21.00 0.00 21-21
IgA nephropathy 70.8 4032 19.38 8-75 77.8 56.11 1439 31-77 5.0 42778 26.03 8-78
Non-IgA mesangial proliferative GN 33.3 5375 14.15 30-65 50.0 40.00 30.00 10-70 1000 64.00 1.00 63-65
Other primary GN 100.0 60.50 3.50 57-64 0.0 300 000 3-3
Systemic disease-associated
Goodpasture's syndrome 429 5436 1546 23-76 600 62.20 9.43 45-72 750 70.88 10.64 57-93°¢
Systemic lupus erythematosus 340 3584 1455 13-72 0.0 5580 11.03 44-75 364 4673 19.04 15-75%b<
Wegener's granulomatosis 59.1 46.68 17.36 16-85 66.7 57.11 12,15 77-32 57.1 5571 1821 14-80
Microscopic polyangiitis 47.1 64.60 1198 7-87 39.7 65.14 16.08 5-91 495 6877 12.00 7-88°¢
Other necrotizing vasculitis 50.0 60.67 9.83 75-47 20.0 5200 21.42 14-79 752 69.25 14.55 46-83
Purpura nephritis 55.6 45.83 19.98 11-75 20.0 39.40 2430 11-77 615 5233 2835 5-32
Cryoglobulinemia 200 60.00 9.06 51-77 333 58.00 12.19 47-75 50.0 56.75 2325 17-74
Rheumatoid arthritis 333 5833 1325 22-77 00 6850 10.50 58-79 0.0 6450 7.40 52-70
Malignant neoplasm 100.0 62.50 3.50 59-66 0.0  59.00 0.00 59-59
Other systemic diseases 273 4100 21.80 3-72 1.1 5422 13.02 20-67 222 6222 935 47-75°¢
Infection-associated
Poststreptococcal acute glomerulonephritis 75.0 4238 2353 7-84 0.0 76.50 450 72-81
Abscess 100.0 73.00 0.00 73-73 50.0 32.50 16.50 16-49 333 47.33 17.75 31-72
Hepatitis C virus 100.0 68.00 0.00 68-68 100.0 71.00 0.00 71-71
Other infectious diseases 92.3 54.92 1595 25-78 100.0 60.50 9.50 51-70 80.0 63.60 8.14 54-72
Drug-associated 28.6 5429 1320 36-77 0.0 64.00 0.00 64-64 100.0 80.00 1.00 79-8i><
Others 28.6 4329 2136 2-78 0.0 6400 0.00 64-64 556 51.78 2801 2-78
Unknown 39.3 59.89 20.82 5-83 50.0 66.64 1041 56-91 29.7 64.03 1620 4-80°
Total 48.5 57.47 1796 2-88 474 62.80 1593 5-91 485 6472 16.56 1-93%b<

* p < 0.05 between Groups A and B
 p < 0.05 between Groups A and C
¢ p < 0.05 between Groups B and C

78.6, and 75.4%, respectively. In Group C, they were 81.8,
80.5, and 76.7%, respectively.

Table 7 shows the renal survival rate for each type of
RPGN. Patients with RLV and MPA showed a significant
improvement in survival in Groups B and C compared to
Group A. However, renal survival in patients with Good-
pasture’s syndrome showed a significant exacerbation in
Groups B and C in comparison with Group A.

For immunosuppressive treatment as an initial treat-
ment, rates of cyclophosphamide administration (Group A:

22.5%, Group B: 26.6%, and Group C: 21.5%) or methyl
prednisolone administration (Group A: 69.5%, Group B:
68.5%, and Group C: 70.4%) were not different during our
observation period. However, the initial dose of oral pre-
donisolone showed a significant reduction in Groups B and
C compared to Group A in RLV (Group A: 0.81 +
0.26 mg/kg/day, Group B: 0.73 + 0.22 mg/kg/day, and
Group C: 0.71 £ 0.24 mg/kg/day) and in MPA (Group A:
0.91 £ 0.29 mg/kg/day, Group B: 0.81 % 0.28 mg/kg/day,
and Group C: 0.75 & 0.24 mg/kg/day, respectively).
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Table 3 Clinical characteristics

at presentation (S;rgu/r(ﬁ)creatinine Ejgr/gmaz;r)y protein CRP (mg/dl) Z%rll)oglobin
Mean SD Mean SD Mean SD Mean SD
Primary
Anti-GBM antibody-associated crescentic GN
Group A 6.7 4.2 2.3 2.8 8.6 8.8 9.5 1.9
Group B 7.6 7.6 3.5 2.8 9.6 9.3 9.2 1.9
Group C 4.8 34 1.3° 0.7 10.3 83 9.6 2.1
Immune-complex-associated crescentic GN
Group A 4.8 34 1.5 1.1 38 3.7 9.4 2.2
Group B 3.1 0.3 34 2.8 1.6 1.5 9.6 1.8
Group C 1.9 1.2 4.0° 32 38 4.6 11.3 22
Pauci-immune crescentic GN
Group A 4.7 35 1.9 1.9 5.1 5.6 9.2 2.2
Group B 3.6 2.7 2.4 2.8 5.1 5.0 9.4 2.2
Group C 3,730 2.8 2.0° 1.7 5.3 5.2 9.5 2.0
Primary GN with crescents
Group A 6.3 3.0 47 1.3 2.4 2.1 9.8 0.8
Group B 4.8 4.6 39 3.7 3.6 5.2 104 2.7
Group C 4.1 34 3.7 3.1 43 7.3 9.9 2.7
Systemic disease associated
Goodpasture’s syndrome
Group A 7.0 4.6 3.7 2.6 8.6 8.1 8.8 2.0
Group B 9.5 4.1 1.0 0.0 25.1 11.4 9.4 1.9
Group C 6.4 29 24 1.6 16.8*° 7.2 10.3 1.3
Systemic lupus erythematosus
Group A 2.4 1.8 53 3.9 2.5 5.9 9.0 2.0
Group B 3.1 1.6 4.8 3.0 1.2 0.8 9.6 0.9
Group C 1.9 1.5 1.6° 1.4 1.9 2.2 9.5 2.3
Wegener's granulomatosis
Group A 4.5 5.3 0.9 0.4 10.3 9.7 9.8 1.6
Group B 4.1 4.2 0.8 0.8 10.6 4.9 9.3 2.6
Group C 3.0 2.6 1.2 0.8 7.4 6.2 10.1 2.0
Microscopic polyangiitis
Group A 4.5 3.2 1.6 2.8 9.5 7.8 9.0 1.9
GN glomerulonephritis Group B 34 2.7 1.6 4.0 9.2 6.1 8.9 1.9
* p < 0.05 between Groups A Group C 3.3*0 24 1.4 1.4 7.5° 6.7 9.2 1.9
snd B Total
p < 0.05 between Groups A Group A 44 35 22 2.1 6.3 7.0 9.4 2.1
and € Growp B 39 36 25 32 6.2 65 93 23
an[éé0.0S between Groups B Group C 3.6 28 20 20 6.2 64 96 2.1

Prognostic factors and clinical grading

Age (<59, 60-69, >70), serum creatinine (<3.0, 3.0-6.0,
>6.0 mg/dl), proteinuria (>1.5 g/day), serum albumin
(=3.0 g/dl), C-reactive protein (<2.6, 2.6-10, >10 mg/dl),
presence of lung involvement and systolic blood pressure
(>140 mmHg) are a significant prognostic factors for
predicting patient survival in Group A according to the
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chi-square test (p < 0.05). We selected age, serum creati-
nine, C-reactive protein, and presence of lung involvement
as strong independent prognostic factors (p < 0.01) by
using a Cox regression model in Group A, We created an
RPGN grading system based on these four values. Every
subject was categorized into four clinical grades by
summing the four prognostic factor scores (Table 8).
Figure 2A shows the results of a Kaplan-Meier analysis of
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Table 4 Positive rate of MPO-

ANCA and PR3-ANCA RLV MPA Wegener’s granulomatosis
n (tested) Positive n (tested) Positive n (tested) Positive
rate (%) rate (%) rate (%)
MPO-ANCA
Group A 326 86.8 143 94.4 21 28.6
Group B 149 83.2 58 86.2 9 0.0
Group C 248 92.7 129 91.5 14 286
Total 723 88.1 330 91.8 44 227
PR3-ANCA
Group A 321 10.6 135 52 22 68.2
Group B 143 6.3 55 7.3 9 88.9
Group C 240 3.8 121 6.6 14 64.3
Total 704 7.4 311 6.1 45 71.1
Table 5 Cause of death Group A Group B Group C
n 384 321 568
Deceased patients, n, % 351 39.71% 110 34.27% 102 17.96%
Mean observation period, 59.4 (0.0-13.6) 36.8 (0.0-98.8) 17.5 (0-59.2)
month (range)

Infection 169 48.1% 42 38.2% 57 55.9%
Respiratory failure 102 29.1% 27 24.5% 25 24.5%
Interstitial pneumonitis 37 10.5% 16 14.5% 20 19.6%
Pulmonary bleeding 48 13.7% 8 7.3% 12 11.8%
Cerebral hemorrhage 22 6.3% 6 5.5% 6 5.9%
Congestive heart failure 35 10.0% 14 12.7% 6 5.9%
Myocardial infarction 3 0.9% 6 5.5% ! 1.0%
Gastrointestinal bleeding 33 9.4% 15 13.6% 7 6.9%

patient survival in Group A patients by clinical grading
category. Six-month survival of Group A patients with
grade I was 89.3%, grade Il was 77.3%, grade III was
62.1%, and grade IV was 52.4%. Using this grading sys-
tem, we can predict not only short-term prognosis but also
long-term prognosis. In the Group B and Group C patients,
this clinical grading system can predict both short and
long-term patient prognosis very well (Fig. 2B, C).

Discussion

In 1998, we started this survey of RPGN cases because we
had no epidemiological data on RPGN in Japan, and even
though the number of RPGN patients is increasing, the
number of cases of RPGN that are found in a single
nephrology department annually are limited, During the
early years of this study, we felt that the prognosis of
RPGN patients in Japan was very poor compared to other

races and countries. We started to analyze the etiology of
this.

Couser [9] proposed a classification of RPGN based on
immunofluorescence microscopy findings, and reported the
proportions of patients with RPGN to be 20% for linear
(anti-GBM antibody), 40% for granular (immune complex)
and 40% for pauci-immune (idiopathic) types in 1988.
Since the discovery of ANCA as a marker of idiopathic
pauci-immune crescentic GN (namely RLV) as well as
MPA [10~12], the proportion of pauci-immune-type RPGN
patients has increased. This increment was also observed
when the age of subjects increased [13]. The immuno-
fluorescence microscopy findings in our subjects consisted
of 64.0% with pauci-immune, approximately 20.0% with
granular, and 6.1% with linear patterns. Those proportions
were almost constant during our observation period. Con-
sidering the age of our subjects, the rate of immunofiuo-
rescence microscopy findings was almost the same as those
in previous reports [13]. However, the prevalences of both
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Fig. 1 Patient survival and

renal survival of RPGN patients
in Japan, a Patient survival was
significantly improved in Group
C compared to Groups A and B,
b Renal survival was
significantly improved in
Groups B and C compared to
Group A
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MPO-ANCA and PR3-ANCA were quite different. Others
reported that the proportion of PR3-ANCA-positive
patients in pauci-immune crescentic GN or MPA was 28~
50% [5, 14]. MPO-ANCA-positive patients showed a
slower deterioration of renal function, were predominantly
female, and were older than PR3-ANCA-positive patients
[14]. From previous reports, the mean age ranged from 45
to 56 years in PR3-ANCA-positive patients and from 57 to
63 years in MPO-ANCA-positive patients [14]. The reason
for the predominance of MPO-ANCA may be related to the
older age at presentation of our RPGN patients. Although a
recent increase in the average age was observed in patients
with MPA, the prevalence of MPO-ANCA-positive
patients decreased slightly, Furthermore, .several reports
have suggested that susceptibility to MPO-ANCA-associ-
ated vasculitis is related to environmental factors such as
air pollution [15] and exposure to silica [16], latitude [17],
or genetic factors such as polymorphism of the CDI8 gene
[18] and HLA-DRB1*0901 [19]. Further investigations are
needed to clarify racial and demographic differences
associated with the prevalence of MPO-ANCA-associated
vasculitis.

The RPGN patients included in our study often died due
to infectious complications. Gayraud et al. [20] reported
that patients older than 65 years treated for MPA with
corticosteroid and cyclophosphamide often died due to
infectious complications compared with those receiving
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corticosteroid alone. Booth et al. [21] also reported that
treatment with cyclophosphamide often induced leukope-
nia and was strongly associated with sepsis, and sepsis was
a determinant of survival.

In 2002, we published a Japanese version of the RPGN
clinical guidelines. based on data for 715 RPGN patents
collected until 2001, who formed part of the Group A
patients in this study [7, 22]. Based on a prognostic anal-
ysis of these patients, age, serum creatinine level and CRP
level at the start of immunosuppressive treatment, and '
involvement of lung disease were significant prognostic
markers in RPGN patients. In detailed prognostic analysis,
we found that treatment with corticosteroids and immu-
nosuppressants had a favorable effect on survival in
patients in the <60 year-old group; however, no additional
benefit of immunosuppressants on long-term renal survival
in patients in older groups was observed. Further, an initial
dose of oral prednisolone of >0.8 mg/kg/day was a sig-
nificant risk factor for early death [7]. Hauer et al. [24] and
Vizjak et al. [23] reported that the renal histology of MPO-
ANCA-positive patients showed that diffuse, chronic
sclerotic lesions predominated on histologic analysis. Thus,
to relieve the inflammatory reaction of patients with MPO-
ANCA, a lower dose of oral prednisolone is sufficient.
Consequently, we recommended in the clinical guidelines
(i) that early diagnosis and referral to nephrologists are
important and (ii) mild treatment with a lower dose of oral
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Table 6 Suvival rates at 6, 12,

and 24 months 6 months 12 months 24 months
Number of % Number of % Number of %
follow-ups follow-ups follow-ups
Primary
Anti-GBM antibody-associated crescentic GN
Group A 39 83.5 29 80.5 28 80.5
Group B 18 83.9 15 88.9 15 825
Group C 22 81.1 14 81.1 14 81.1
RLV?
Group A 342 81.1 254 76.2 230 724
Group B 147 84.5 113 81.5 103 75.6
Group C 240 89.7 165 874 134 82.1
Systemic disease-associated
Goodpasture’s syndrome
Group A 14 714 9 63.5 6 54.4
Group B 5 60.0 3 60.0 3 60.0
Group C 8 62.5 5 37.5 1 375
Systemic lupus erythematosus
Group A 50 85.9 42 85.9 42 83.8
Group B 5 60.0 3 60.0 3 60.0
Group C 10 90.0 9 90.0 8 78.8
Wegener's granulomatosis
Group A 23 78.3 18 78.3 18 78.3
Group B 9 66.7 6 66.7 5 53.3
Group C 13 67.7 8 67.7 6 67.7
MPA?
Group A 157 68.4 102 65.7 90 61.2
Group B 57 77.9 39 779 37 73.6
Group C 126 82.6 81 79.3 57 733
GN glomerulonephritis Total*®
* p < 0.05 between Groups A Group A 883 79.2 643 75.5 586 72.0
and C Group B 321 80.1 228 78.3 211 72.8
° ;é é 0.05 between Groups B Group C 556 86.1 365 82.8 281 71.7
an

prednisolone (0.6-0.8 mg/kg/day) for the initial treatment
of MPO-ANCA-positive MPA or RLV with or without
intravenous pulse methyl prednisolone treatment [73. A
significant reduction of the mean serum creatinine level at
presentation among RPGN patients and a significant
reduction of oral prednisolone dose were observed in
patients with RLV and MPA in Groups B and C, Finally,
the survival rates of RLV and MPA patients have recently
shown a significant improvement. Furthermore, even with
mild immunosuppressive treatment in recent years, the
renal survival of these patients has also significantly
improved. The main reasons for such an improvement in
renal survival are early referral to nephrologists and early
treatment initiation in those patients. After announcing the
results of our survey, we believe that recognition of RPGN
in general practice has improved.

Based on the prognostic analysis of these patients,
we created an RPGN patient clinical grading system
(Table 8) based on scoring the age, renal function, CRP
level, and involvement of lung disease at the start of
immunosuppressive treatment using data on Group A
patients. This clinical grade category also predicts patient
prognoses for Groups B and C quite well. The Bir-
mingham Vasculitis Activity Score (BVAS) is useful tool
for evaluating disease activity and predicting the survival
of patients with systemic vasculitis [25]. However,
when BVAS is used for RPGN patients, the BVAS renal
score is always maximized, since RPGN involves
proteinuria, hematuria and renal dysfunction by defini-
tion. Consequently, it is difficult to predict a prognosis
for renal vasculitis patients or RPGN patients with
BVAS.
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Table 7 Renal survival rates at

6, 12, and 24 months 6 months 12 months 24 months
Number of Do Number of % Number of %
follow-ups follow-ups follow-ups
Primary
Anti-GBM antibody-associated crescentic GN
Group A 31 447 12 44.7 11 44.7
Group B 17 58.8 8 58.8 8 515
Group C 18 48.5 8 48.8 8 41.6
RLV®
Group A 320 72.4 189 70.9 175 66.7
Group B 137 87.9 99 85.2 87 79.8
Group C 233 83.1 136 81.0 134 75.2
Systemic disease-associated
Goodpasture’s syndrome
Group A 8 60.0 3 40.0 2 40.0
Group B 2 0.0 0.0 0 0.0
Group C 5 20.0 0.0 0 0.0
Systemic lupus erythematosus
Group A 47 89.1 39 86.8 38 84.4
Group B 3 66.7 66.7 I 66.7
Group C i1 80.8 80.8 8 80.8
Wegener’s granulomatosis
Group A 20 85.0 15 85.0 15 85.0
Group B 7 85.7 5 85.7 4 85.7
Group C 12 83.3 7 83.3 83.3
MPA™®
Group A 144 74.0 81 72.1 72 69.9
Group B 53 88.0 32 85.1 29 85.1
Group C 118 89.0 71 89.0 50 87.0
GN glomerulonephritis Total*?
* p <0.05 between Groups A Group A 812 73.3 483 71.9 442 68.7
:“d B Group B 288 81.3 183 78.6 163 75.4
i é 0.05 between Groups A Group C 521 81.8 296 80.5 226 76.7

Although the benefits of an early start to treatment and a
reduced dose of oral prednisolone were recognized, the
most frequent cause of death was infectious complications
in Group C. The main reason for this high frequency of
infectious complications in Group C was the shorter
duration of observations in Group C. During the late fol-
low-up period, the dose of immunosuppressant was further
reduced, and the possibility of opportunistic infection was
reduced. Several previous studies have suggested that
prophylactic treatment with (trimethoprim/sulfamethox-
azole significantly reduces the occurrence of opportunistic
infections [26]. Recent improvements in prognosis during
initial treatment may relate to prophylactic treatment with
trimethoprim/sulfamethoxazole in our subjects. Further
studies are needed to clarify this point.
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For the treatment of active renal vasculitis, to avoid
relapses, and to improve long-term renal outcomes,
treatment with cyclophosphamide is one choice; however,
prolonged immunosuppression with™ a safer immuno-
suppressive agent, such as azathioprine [27], mycophen-
olate mofetil [28], or mizoribine [29], should also be
considered.

Furthermore, the prognoses for anti-GBM antibody-
associated RPGN, Goodpasture’s syndrome and Wegen-
er's granulomatosis are still poor in Japan. An early
diagnosis system and effective treatment methods
should be established as soon as possible for Japanese
patients with these diseases. However, the average
age at presentation of the patients with those diseases
increased by ten years during our study. The higher age at
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Table 8 Clinical grading for predicting RPGN patient prognosis

Clinical Serum creatinine Age Lung Serum CRP
score (mg/dl) (years old) involvement (mg/dl)
0 <3 <59 Negative <2.6
1 3-6 60-69 2.6-10.0
2 >6 >70 Positive >10
3 Dialysis
Clinical grade Total score
1 0-2
1I 3-5
I 6-7
v 8-9
Ao B 1o
Group A - —— Group B
08 - i 08 'M"‘*a‘ e SO + +
M\M\ - e n=88
] R
.g T et TS n=258 2 _ T, .
06 e 2 08 L
5 g, a -
# B e b 4
SUSS -
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Fig. 2 Clinical grading system for predicting patient prognosis. The RPGN patient clinical grading system for predicting RPGN patient
prognosis was produced based on Group A patients (a). However, this clinical grading system also fitted recent RPGN cases very well (b, ¢)

presentation may relate to the poor prognosis of those Group C (prospective data after the Japanese RPGN clinical
patients. guidelines were published). Following the recommendations
In summary, the prevalence of RPGN patients and pri-  of the clinical guidelines, both early referrals to neph-
mary renal disease were surveyed and compared among  rologists and mild immunosuppressive treatments were
Group A (retrospective data), Group B (prospective data  observed. These changes resulted in a significant improve-
during the preparation of the clinical guidelines), and  ment in the outcomes of Japanese patients with RPGN.
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Table 9 Institutions that provided data for this survey

Department of
Nephrology,
Tsukuba Central
Hospital

Department of
Nephrology,
Tsuruoka Kyoritsu
Hospital

Department of
Nephrology and
Rheumatology,
Toyota Memorial
Hospital

Nephrology and
Dialysis Unit,
MisatoKenwa
Hospital and Clinic

Internal Medicine I,
Aichi Medical
University Hospital

Department of
Pediatrics, Aichi
Medical University
Hospital

Pediatric Department,
Ehime University
Medical School
Hospital

Internal Medicine I,
Asahikawa Medical
College Hospital

Department of
Pediatric,
Asahikawa Medical
College Hospital

Department of
Nephrology, Anjo
Kose Hospital

Department of
Nephrology, National
Tochigi Hospital

Department of Pediatric,
Shimoshizu National
Hospital

Kagawa Children’s
Hospital

Department of Pediatric,
National Mie Hospital

Department of Pediatric,
National Niigata
Hospital

Department of Pediatric,
National
Nishisapporo Hospital

Department of Pediatric,
National Nishitaga
Hospital

Department of Pediatric,
National Chiba-
Higashi Hospital

Department of Pediatric,
National Chubu
Hospital

Department of
Nephrology, Kurobe
City Hospital

Internal Medicine I, Chiba

University Hospital

Department of Pediatrics,

Chiba University
Hospital

Department of

Nephrology, Kawasaki

Medical University

Department of Pediatrics,

Kawasaki Medical
University

Department of Pediatrics,

Kawasaki Kyodo
Hospital

Department of Pediatrics,
Kawasaki City Hospital

Department of Pediatrics,

Kurashiki Central
Hospital

Department of Internal

Medicine, Sagamihara

Kyodo Hospital

Department of
Nephrology, Inoue
Hospital

Internal Medicine [,
Osaka Medical
University Hospital

Internal Medicine [,
Hamamatsu
Medical
University
Hospital

Department of
Pediatrics,
Hamamatsu
Medical
University
Hospital

Department of
Pediatrics,
Hamamatsu Red
Cross Hospital

Department of
Nephrology,
Hamamatsu Rosai
Hospital

Internal Medicine 11,
Toyama Medical
University
Hospital

Department of
Pediatrics,
Toyama Medical
University
Hospital

Department of
Internal
Medicine,
Toyama
Prefectural
Central Hospital

Internal Medicine,
Toyama Red
Cross Hospital

Department of
Internal
Medicine,
Toyama
Prefectural
Central Hospital

Department of
Pediatrics, Fukui
Medical
University
Hospital

Department of
Pediatrics, Shinshu
University Hospital

Department of
Pediatrics, Niigata
Prefectural Yoshida
Hospital

Department of Internal
Medicine, Niigata
Prefectural Central
Hospital

Department of
Pediatrics, Niigata
City Hospital

Blood Purification
Center, Niigata
University Medical
and Dental Hospital

Department of
Nephrology, Niigata
University Hospital

" Department of

Invernal Medicine,
Niigata Minami
Hospital

Department of
Pediatric
Nephrology, Nippon
Steel Yawata
Memorial Hospital

Department of
Invernal Medicine,
Shinnittetsu
Hachiman
Memorial Hospital

Kobe University
School of Medicine
Faculty of Health
Sciences

Internal Medicine
11, School of
Medicine,
Toho
University

Department of
Pediatrics,
School of
Medicine,
Toho
University

Department of
Nephrology,
Toho
University
Omori
Hospital

Blood
Purification
Center,
Tohoku
University
Hospital

Department of
Internal
Medicine,
Fujita Health
University

Department of
Pediatrics,
Department of
Pediatrics,
Fujita Health
University

Department of
Invernal
Medicine,
Tokushima
Prefectural
Central
University

Department of
Pediatrics,
Tokushima
University
Hospital

Department of
Internal
Medicine,
Tochigi
Saiseikai.
Utsunomiya
Hospital

Internal Medicine
11, Nara
Medical
University
Hospital
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Table 9 continued

Department of
Urology, Kyorin
University School of
Medicine

Department of Internal
Medicine, Saga
University

Internal Medicine 1,
Kyorin University
School of Medicine

Department of Pediatric,
Saga University

Department of Internal
Medicine, Kosei-kan,
Saga Prefectural
Hospital

Department of
Pediatric, Kyorin
University School of
Medicine

Department of Clinical Department of Internal
Genetics, Faculty of  Medicine, Saku Sogo
Health Sciences, Hospital
School of Medicine,
Kyorin University

Department of
Pediatric, Isezaki
Municipal Hospital

Department of Internal
Medicine, Sano Kosei
Sogo Hospital

Department of
Pediatric, Ibaraki
Children’s Hospital

Department of Internal
Medicine, Saiseikai
Yokohama-shi
Nambu Hospital

Department of
Nephrology, Ibraki
Prefectural Central
Hospital

Department of
Nephrology, Saiseikai
Shimonoseki Sogo
Hospital

Department of
Nephrology, Ibaraki
Seinan Medical
Center Hospital

Department of
Pediatrics, Saiseikai
Kurihashi Hospital

Department of Department of

Nephrology, Nephrology, Saiseikai
Utsunomiya Nakatsu Hospital
Socialinsurance

Hospital

Department of Internal Department of
Medicine, Urasoe Nephrology, Saitama
Sogo Hospital Medical University

Hospital

Department of Internal Department of Pediatric,
Medicine, Yokosuka  Saitama Medical
Kyosai Hospital University

Department of Pediatrics, Department of

Osaka Medical
University Hospital

Internal Medicine I,

Osaka City University

Hospital

Internal Medicine 11,

Osaka City University

Hospital

Department of Pediatrics,
Osaka City University

Hospital

Osaka Red Cross Hospital

Internal Medicine I,
Osaka University
Hospital

Department of Pediatrics,

Osaka University
Hospital

NTT West Osaka Hospital

Department of
Nephrology, Osaka
Prefectural Hospital

Department of
Nephrology,
Kumamoto Chuo
Hospital

Department of Internal

Medicine, Oita Medical

University Hospital

Internal
Medicine, Fukui
Red Cross
Hospital

Department of
Nephrology,
Fukui Red Cross
Hospital

Internal Medicine
IV, Fukuoka
University
Hospital

Internal Medicine I,
Fukuoka
University
Hospital

Department of
Nephrology,
Fukuoka
University
Hospital

Department of
Pediatrics,
Fukuoka
University
Tsukushi Hospital

Internal Medicine
1V, Fukushima
Prefectural
Medical
University
Hospital

Department of
Pediatrics,
Fukushima
Prefectural
Medical
University
Hospital

Internal Medicine V,
The Hospital of
Hyogo College of
Medicine

Department of
Pediatrics, The
Hospital of
Hyogo College of
Medicine

Department of
Pediatric
Nephrology, The
Hospital of
Hyogo College of
Medicine

Department of
Nephrology,
Kanagawa
Prefectural
Children’s Medical
Center

Department of
Nephrology,
Kandatsu Hospital

Department of
Nephrology, Mito
Saiseikai General
Hospital

Department of Internal
Medicine, Mito
Central Hospital

Department of
Nephrology,
Mizushima Kyodo
Hospital

Internal Medicine I, St.
Marianna School of
Medicine Hospital

Yokohama Seibu
Hospital, St.
Marianna School of
Medicine

Department of
Pediatrics, St.
Marianna School of
Medicine Hospital

Department of
Pediatrics, Seirei
Hamamatsu
Hospital

Department of
Pediatrics, St. Lukes
International
Hospital

Department of
Pediatrics, Seirei
Sakura Citizen
Hospital

Department of
Pediatrics,
Nara Medical
University
Hospital

Department of
Nephrology,
Minami Ichijo
Hospital

Department of
Nephrology,
Nikko
Memorial
Hospital

Department of
Nephrology,
Hidaka
Hospital

Department of
Pediatrics, Red
Cross Medical
Center

Internal Medicine
I, Nippon
Medical
School
Hospital

Internal Medicine
I1, Nippon
Medical
School
Hospital

Department of
Pediatrics,
Nippon
Medical
School
Hospital

Internal Medicine
11, Nippon
Medical
School
Hospital

Department of
Pediatrics,
Nippon
Medical
School Chiba
Hokusoh
Hospital

Department of
Nephrology,
Nihon Red
Cross Medical
Center
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