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Table 2 The multivariate cox proportional hazard model for remission (n = 22)

Predictors Model 1* Model 2°
HR 95 % CI P value HR 95 % CI P value

Age (per S-year interval) 1.35 0.76-2.40 0.299 1.64 0.644.17 0.299
Female (vs. male) 2.76 0.75-10.1 0.125 6.02 0.49-73.9 0.160
eGFR (per 10 ml/min/1.73 m?) 1.56 0.96-2.54 0.071 2.01 0.824.91 0.124
uPCR (per 1.0 g/gCre) - - - 0.95 0.72-1.27 0.771
PLA2R-related (vs. -unrelated) 1.24 0.29-5.20 0.759 1.41 0.30-6.55 0.659
IgG4-dominant (vs. non-dominant) 0.08 0.01-0.51 0.007* 0.02 0.00-0.91 0.044*
Ehrenreich—Churg stage - - - 0.74 0.21-2.60 0.643
Immunosuppressive therapy (vs. supportive therapy) 3.39 1.20-47.6 0.140 7.58 1.20-47.6 0.030*
HR hazard ratio, CI confidence interval, PLA2R M-type phospholipase A2 receptor, uPCR urine protein/creatinine ratio
# Model 1: adjusted for age, sex, eGFR, relevance to PLA2R, IgG4 dominancy, and treatment
5 Model 2: model 1 with additional adjustment for uPCR and Ehrenreich-Churg stage
* P values of less than 0.05
Table 3 Change of serum anti-  pagient  Baseline Treatment  Remission Follow-up
PLA2R antibody positivity in
primary MN patients whose uPCR Serum  Biopsy IgG4 uPCR Serum
serum antibodies were positive (g/gCre) PLA2R PLA2R dominancy (g/gCre) PLA2R
at baseline (n = 11)

A 3.21 (+) (+) Dominant Supportive  Yes 0.16 (+)

B 19.31 +) +) Dominant IS Yes 0.05 +)

C 5.82 (-+) (+) Dominant Supportive  Yes 0.06 (=)

D 4.7 +) (+) Non-dominant  Supportive  Yes 0.45 +)

E 9.88 (+) (+) Dominant IS Yes 0.18 -+

F 2.15 +) +) Non-dominant IS Yes 0.25 (=)

G 7.82 (+) +) Dominant IS No 10.12 (+)

H 12.38 +) +) Dominant Supportive  No 8.07 +)
PLA2R M-type phospholipase I 6.84 +) (+) Dominant Supportive  No 5.79 (+)
A2 receptor, uPCR urine J 21.34 +) (=) Dominant IS Yes 0.15 (=)
protein/creatinine ratio, IS K 1019 () (=) Non-dominant IS Yes 003 (=)

immunosuppressive therapy

remission of proteinuria [4, 5]. Furthermore, anti-PLA2R
antibodies appeared prior to recurrence of MN in a trans-
plant recipient [20]. In this study, the findings that serum
antibodies still positive after remission of proteinuria might
predict recurrence of proteinuria in the near future, or
suggest that their antibodies lost nephritogenicity. For
instance, it is possible that the antibodies changed their
affinity or avidity, their subclass switched to non-comple-
ment-activating subclass or, in IgG4 antibodies, their de-
galactosylation was modified.

Finally, having PLA2R-related MN was not a predictor
for remission of proteinuria in this study. However, Hoxha
et al. [26] found that high anti-PLA2R antibody titer
measured by ELISA was an independent risk factor for not
achieving remission. For the purpose of evaluating the
clinical outcome, such as remission of proteinuria, quan-
titative analysis by ELISA might be better than qualitative

_@ Springer

analysis by western blotting or assessing PLA2R in
glomeruli.

In conclusion, assessments of both serum anti-PLA2R
antibody and PLA2R antigen in glomeruli at the same time
are a more sensitive method for the diagnosis of PLA2R-
related primary MN at present. However, there are dis-
crepancies between the presence of serum antibody and the
detection of glomerular antigen. In further investigation, on
a larger sample of patients, we need to classify PLA2R-
related MN patients into three groups according to serum
antibody positivity/negativity and glomerular antigen pos-
itivity/negativity, and compare their clinicopathological
characteristics and clinical outcomes. As expected, IgG4
antibody is an important clue to elucidate the pathogenesis
of PLA2R-related MN. Further investigations are neces-
sary to resolve the issue of serum antibodies positivity after
remission.
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Abstract

Background ‘The current (2012) histological classification
of immunoglobulin A nephropathy was established using a
case—control study of 287 patients. However, the risk of
progression to end-stage renal disease (ESRD) has not been
validated for the previous (2002) classification. This study
aimed to determine whether the previous classification
could identify the risk of long-term renal outcome through
re-analysis of the 2012 cohort.

Methods On the basis of the 2002 classification, namely
‘good prognosis’, ‘relatively good prognosis’, ‘relatively
poor prognosis’, and ‘poor prognosis’, we examined the
clinical data at the time of biopsy, the correlation between
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the 2002 classification and long-term renal outcomes, and a
patient-by-patient correlation between the 2002 and 2012
classification systems. This was performed by analyzing
samples from the 287 patients used to establish the 2012
classification.

Results The rate of decline of estimated glomerular fil-
tration rate was greater and the odds ratio of progression to
ESRD was higher in the ‘poor prognosis’ group. In con-
trast, the odds ratio for renal death was comparable
between the groups described as ‘relatively poor prognosis’
and ‘relatively good prognosis’ in the 2002 classification.
Many patients in the 2002 classification were classified
with a lower histological grade in the current classification,
but none were classified with a higher grade.
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Conclusions The 2002 classification could also identify
the risk of progression to ESRD. However, it was overes-
timated for patients in the ‘poor prognosis’ group in the
2002 classification, as that group included patients with
milder histological damage.

Keywords Current histological classification - IgA
nephropathy classification - Tuft adhesion -
Multicenter - Case—control study - EGFR decline

Introduction

In 2012, a new histological classification of immunoglob-
ulin (Ig) A nephropathy was proposed by the Special IgAN
Study Group of the Progressive Glomerular Diseases Study
Committee, organized by the Ministry of Health, Labour
and Welfare of Japan [1]. The classification was developed
by performing a nationwide multicenter case—control study
involving 287 patients at university and community hos-
pitals. The study identified the independent pathological
variables predicting progression to end-stage renal diseases
(ESRD) as global sclerosis, segmental sclerosis, cellular
crescents, fibrocellular crescents, and fibrous crescents.
Depending on the percentage of glomeruli exhibiting these
variables, 4 histological grades (HG) were established.
Thus, HG1, HG2, HG3, and HG4 correspond to <25 %,
25-49 %, 50-74 %, >75 % of glomeruli exhibiting the
above histological variables, respectively. Multivariate
analysis revealed that the classification could identify the
magnitude of the risk of progression to ESRD in patients
with IgA nephropathy [1].

A number of histological grading systems have been
proposed for predicting the renal outcome of IgA
nephropathy [2-8]. Among them, the histological classifi-
cation, previously established by the joint committee of the
Japanese Society of Nephrology and the Special IgAN
Study Group of the Progressive Glomerular Diseases Study
Committee, organized by the Ministry of Health, Labour
and Welfare of Japan in 2002 [9], has been widely used in
Japan for the past 10 years. The classification had been
determined on the basis of the percentage of glomeruli
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showing global sclerosis, crescents, or tuft adhesions. This
classification comprised 4 groups, namely ‘good progno-
sis’, ‘relatively good prognosis’, ’relatively poor progno-
sis’, and ‘poor prognosis’. Thus, the ‘good prognosis’,
‘relatively good prognosis’, ‘relatively poor prognosis’,
and ‘poor prognosis’ groups correspond to 0 %, <10 %,
10-29 %, and >30 % of glomeruli, respectively, showing
global sclerosis, crescents, or tuft adhesions. The contri-
bution of this classification was significant, in that medical
staff could estimate the degree of histological damage and
the predicted renal outcome for patients with IgA
nephropathy having various histological lesions. For
example, patients classified as having ‘poor prognosis’ and
‘relatively poor prognosis’ were defined as those who
would need to undergo dialysis within 5 years and
5-20 years, respectively. However, the classification was
established mainly based on empiric approaches by experts
in nephrology and renal pathology, but did not include
evidence-based methods. To date, renal outcomes based on
this classification system have not been validated. There-
fore, verification of whether the degree of renal progression
could be discerned using the previous classification of IgA
nephropathy is important, as many patients who previously
underwent renal biopsy were classified according to the
2002 classification. In view of the chronic nature and lack
of fundamental therapy for IgA nephropathy, an invalid
classification may be misleading and result in inadequate
therapy (overtreatment or undertreatment) for these
patients.

Therefore, in the present study, we examined whether
the 2002 histological classification effectively identified
the risk of long-term renal outcome by conducting an
analysis of the 287 patients involved in the development of
the 2012 classification. We also examined the correlation
between the 2002 and 2012 classifications for each patient
in this cohort to clarify the relationship between the 2
classification systems.

Methods

This study was performed according to the Declaration of
Helsinki. The study protocol was approved by the ethics
committee at each participating center (approval number
from the Institutional Review Board at the Jikei University
School of Medicine, 16-173). Informed consent was
obtained from each patient included in this study.

Patients
The inclusion criteria and data collection were previously

described [1]. Patients who had available biopsy sections
for light microscopy that contained at least 10 glomeruli,
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those who required renal replacement therapy or were
followed for at least 5 years after renal biopsy without the
need for renal replacement therapy, and those who had
available information on the clinical course and therapies
before and after renal biopsy were included in the present
study. The data collected included age, gender, date of
onset, blood pressure, serum creatinine levels, and urinary
protein excretion at the time of biopsy and at the end of
follow-up. The estimated glomerular filtration rate (eGFR)
was calculated by the equation modified for the Japanese
population [10].

Pathological examination

The methods were described in our previous report [1]. The
percentages of glomeruli having global glomerulosclerosis,
segmental sclerosis, cellular crescents, fibrocellular cres-
cents, fibrous crescents, and tuft adhesions were previously
assessed for each patient. The 6 histological lesions were
defined according to the Oxford classification of IgA
nephropathy [11]. The classification was performed on the
basis of the percentage of the total number of glomeruli
showing global glomerulosclerosis, crescents, or tuft
adhesions. The groups demonstrating ‘good prognosis’,
‘relatively good prognosis’, ‘relatively poor prognosis’,
and ‘poor prognosis’ corresponded to 0 %, <10 %,
10-29 %, and >30 % of glomeruli in the specimens [9]. In
the present study, the groups with ‘good prognosis’, ‘rel-
atively good prognosis’, ‘relatively poor prognosis’, and
‘poor prognosis’ were designated as group 1, group 2,
group 3, and group 4, respectively.

Outcomes

The study outcome was the progression to ESRD requiring
renal replacement therapy. The rate of decline in eGFR was

also estimated by fitting a straight line thorough the
available data using the principle of least squares.

Statistical analysis

SPSS version 11.0 for Windows (SPSS, Chicago, IL, USA)
was used for the statistical analyses. Normally distributed
variables were expressed as mean =+ standard deviation.
Non-parametric variables were expressed as medians and
ranges, and compared using the Kruskal-Wallis test. The
risk of progression to ESRD was assessed using multivar-
iate logistic regression analysis.

Results

Previous histological classification and clinical data
at the time of biopsy

Clinical data at the time of biopsy and the renal outcomes
of the overall cohort have been indicated in a previous
study [1]. In the present study, the 287 patients were
divided into the 2002 classification-defined groups, namely
group 1, group 2, group 3, and group 4. Clinical data at the
time of biopsy for each of the 4 groups are shown in
Table 1. The patients in group 4 showed a more advanced
age (P < 0.01) and greater mean arterial pressures and
24-h urinary protein excretion rates (P < 0.01), while also
showing a lower eGFR (P < 0.01), when compared to the
other groups. After biopsy, the percentages of patients who
underwent treatment with renin—angiotensin system
inhibitors (RASi), corticosteroids, and tonsillectomy were
38, 10, and 0 % in group 1; 67,23 and 15 % in group 2; 75,
29 and 8 % in group 3; and 87, 51 and 2 % in group 4,
respectively.

Table 1 Clinical data at the time of renal biopsy in patients with IgA nephropathy

2002 classification P value
Good prognosis Relatively good prognosis Relatively poor prognosis Poor prognosis
(group 1) (group 2) (group 3) (group 4)
Age (years) 23 (7-63) 29 (5-75) 34 (12-67) 40 (7-78) <0.01
Gender (male/female) 16/14 24/20 49/42 58/64 ns
Duration from onset 12 (1-225) 14 (0-364) 36 (1-300) 43 (1-384) <0.01
(months)
MAP (mmHg) 88.0 (65.3-116.7) 84.0 (56.7-120.0) 92.7 (66.0-156.7) 98.0 (70.0-156.7) <0.01
eGFR (mL/min/ 100.7 (62.1-133.5)  92.1 (26.3-166.3) 83.8 (39.3-168.9) 63.9 (7.6-195.7) <0.01
1.73 m?)
UPE (g/day) 0.32 (0-7.6) 0.40 (0-7.5) 1.00 (0.05-6.2) 1.8 (0.2-8.5) <0.01
MAP mean arterial pressure, eGFR estimated glomerular filtration rate, UPE 24-h urinary protein excretion, ns not significant
Values are expressed as medians (ranges)
@ Springer
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Table 2 Odds ratio for progression to end-stage renal disease (ESRD) in each group, based on the 2002 histological classification

Histological group Patients Logistic regression analysis

Total ESRD Odds ratio 95 % C1 P value
Good prognosis (group 1) 30 00 %) ND ND ND
Relatively good prognosis (group 2) 44 4 (9 %) 0.239 0.080-0.717 <0.05
Relatively poor prognosis (group 3) 91 9 (10 %) 0.262 0.119-0.578 <0.01
Poor prognosis (group 4) 122 36 (30 %) 1 - -

ND not determined; 95 % CI 95 % confidence interval

Groups

LN )

-1

-2

-4

delta eGFR (mL/min/year)

-5 -

-6 -

Fig. 1 The rate of decline in the estimated glomerular filtration rate,
per year, for each histological group included in the 2002 classifi-
cation. Groups 1, 2, 3, and 4 correspond to ‘good prognosis’,
‘relatively good prognosis’, ‘relatively poor prognosis’, and ‘poor
prognosis’, respectively. Asterisk denotes a significant difference
(P < 0.05) versus groups 1 and 2. There is no significant difference
among groups 1, 2, and 3

Previous histological classification and renal outcome

The percentage of patients exhibiting progression to ESRD
who required renal replacement therapy in each group is
shown in Table 2. None of the group 1 patients progressed
to ESRD. This is in agreement with the results from the
current histological classification, which indicated that only
7 % progressed to ESRD in the HG1 class [1]. In the 2002
classification, however, the percentage of patients who
required dialysis was comparable between groups 2 and 3,
in contrast to the results from the 2012 classification that
showed that more patients underwent dialysis in the HG3
group than in the HG2 group [!]. Multivariate logistic
regression analysis was also performed, using group 4 as a
reference, and the same findings were obtained—the risk of
progression to ESRD was comparable between groups 2
and 3 according to the 2002 classification (Table 2).

The slopes of the eGFR declines were compared among
the 4 groups in the 2002 classification (Fig. 1). The rate
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of eGFR decline, per year, was significantly higher in
group 4 (—4.09 £ 6.68 mL/min/year) than in groups 1 and
2 (—1.52 £+ 1.63 mL/min/year and —1.41 =+ 5.64 mL/min/
year; respectively; P < 0.05, Kruskal-Wallis test), but not
significantly higher than in group 3 (—2.63 &+ 2.38 mlL/
min/year). However, there were no significant differences
among groups 1, 2, and 3.

The relationship between the 2002 and 2012
histological classifications

The 4 groups from the 2002 classification were expected to
correspond to the 4 HGs in the 2012 classification, i.e.,
group 1 to HGI, etc. In the present study, therefore, each
patient who had been classified using the 2012 classifica-
tion method [1] was re-classified using the 2002 classifi-
cation system, and the relationship between the previous
‘group’ and current HG was examined for each patient
(Table 3). All of the patients belonging to group 1 were
also classified into HG1. Surprisingly, all of the 44 patients
in group 2 were also classified into HG1 together with 91
patients from group 3; 71 and 20 patients were classified as
HG1 and HG2, respectively. In addition, 6, 55, and 42
patients of the 122 patients in group 4 were classified as
HG1, HG2, and HG3, respectively. Therefore, a large
number of individuals were classified in a higher grade,
according to the 2002 classification, including patients with
milder histological damage than anticipated.

We then compared the histological findings using the
criteria of the 2002 classification, i.e., glomerulosclerosis,
crescents, and tuft adhesions, among patients in the four 2002
classification groups; these patients had also been classified
as HG1 in the new 2012 classification (Table 4). The per-
centage of glomerulosclerosis and tuft adhesions, but not
crescents, significantly increased in the groups with a higher
grade and with a higher number. In contrast, the rate of eGFR
decline was comparable among the 4 groups. A similar result
was obtained when comparing patients between groups 3 and
4, who had been classified into HG2 (Table 4). Thus, the
results suggested that the presence or absence of tuft adhe-
sions in the evaluation criteria can contribute to the rela-
tionships between the 2002 and 2012 classification groups.
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Discussion

Many of the patients with IgA nephropathy who underwent
renal biopsy during the past 10 years were classified
according to the method empirically proposed in 2002 [9].
However, to date, the renal outcomes, on the basis of this
classification, have not been validated. The invalid classi-
fication may be misleading for both physicians and
patients, and incorrect recognition of the renal injury
severity may lead to continuous, inappropriate therapy for
patients with IgA nephropathy. Therefore, in the present
study, we examined whether the histological classification
proposed in 2002 could appropriately discern renal out-
comes [9] by re-analysis of the cohort examined to estab-
lish the 2012 histological classifications [1]. We found that
the 2002 classification could identify the risk of long-term
renal outcome. Thus, age, mean arterial pressure, and 24-h
urinary protein excretion were greater, whereas eGFR was
lower in the ‘poor prognosis’ group, indicating that the
2002 classification correlates well with the clinical features
that predict the renal outcome of IgA nephropathy
(Table 1). Moreover, the rate of eGFR decline was greater
in the ‘poor prognosis’ group than in other groups (Fig. 1).
The odds ratio of progression to ESRD was also higher in

Table 3 Relationship between the 2002 and 2012 classifications

2002 classification 2012 Number of

classification patients
Good prognosis (group 1) HGl1 30
Relatively good prognosis (group 2) HGI 44
Relatively poor prognosis (group 3) HG1 71

HG2 20
Poor prognosis (group 4) HG1 6

HG2 55

HG3 42

HG4 19

HG Histological grade

the ‘poor prognosis’ group than in the other groups
(Table 2).

However, several issues exist with the 2002 classifica-
tion. First, although the odds ratio of renal death increases
in a stepwise manner in the higher grades of the current
classification, the odds ratios were not different between
the ‘relatively poor prognosis’ and ‘relatively good prog-
nosis’ group in the 2002 classification. Thus, the long-term
renal outcome could not be distinguished between these 2
groups on the basis of the 2002 classification. Second, the
slopes of the eGFR decline per year in the ‘poor prognosis’
group and HG4 were —4 mlL/min/year and —8 mL/min/
year, respectively. This suggests that the group with the
greatest histological damage in the 2002 classification
included more patients with mild histological damage,
when compared to the corresponding grade in the 2012
classification. Indeed, many of the patients, classified
according to the 2002 classification, were re-classified to a
lower HG, based on the 2012 classification system, but
none were classified to a higher grade (Table 3). Therefore,
the severity in the ‘poor prognosis’ group was lessened due
to the inclusion of the patients with milder histological
damage. In the 2002 classification, 3 histological find-
ings—global sclerosis, crescents, and tuft adhesions—were
used for histological evaluation. In contrast, the 2012
classification specifies global sclerosis, segmental sclerosis,
fibrous crescents, and cellular/fibrocellular crescents as
significant pathological variables that contribute to the
renal outcomes, whereas tuft adhesions were considered
insignificant. Therefore, the presence or absence of tuft
adhesions in the evaluation criteria is believed to be
responsible for the differences in the discernment of renal
outcomes between the 2012 and 2002 classifications.
Indeed, the percentage of tuft adhesions significantly
increased in a stepwise manner in the groups with a higher
grade according to the 2002 classification, and were clas-
sified into HG1 according to the 2012 classification
(Table 4). A similar finding was also shown in the analysis
of patients from groups 3 and 4, who had been in the HG2
classification group.

Table 4 Comparison of histology and delta eGFR among patients in the2002 prognosis groups who were classified into HG1 or HG2 according

to the 2012 classification

HG1 HG2
Group 1 Group 2 Group 3 Group 4 Group 3 Group 4

Glomerulosclerosis (%) 0 0 (0-9.1) 8.3 (0-23.5)"*  13.2 (0-20)"* 13.8 (0-26.3)  21.1 (0-46.2)°
Crescents (%) 0 0 (0-9.1) 2.3 (0-20)" 0 (0-10) 2.9 (0-23.5) 4.2 (0-36.4)
Tuft adhesions (%) 0 0 (0-9.1) 4.5 (0-20)"* 18.8 (10-30)"*% 6.7 (0-17.6) 11.8 (0-40)*
Delta eGFR/year (mL/min/year) —1.52 4 1.63 —141+564 —275+251 —1.88+ 1.92 —2234+179 =275+ 3.24
e¢GFR estimated glomerular filtration rate
A significant difference (P < 0.05) versus group 1 (*), group 2 (#), group 3 (&) in HGI, and group 3 in HG2 ($)
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There are several limitations to this study. First, a selec-
tion bias may have existed due to the retrospective nature of
the study [1]. Second, although histological lesions were
defined in accordance with the Oxford classification of IgA
nephropathy [11], distinguishing the lesions with tuft adhe-
sions, focal glomerular sclerosis, or small fibrous crescents
was difficult. The precise determination of these features is
important for both the 2002 and 2012 classifications. In
addition, we did not refer to the Oxford classification pro-
posed by the Working Group of the International IgA
Nephropathy Network and the Renal Pathology Society in
2009 [12], as this was beyond the scope of this study. Finally,
the treatment methods were different among the 4 groups,
which may have affected renal outcomes. The percentage of
patients receiving corticosteroids and RASI increased in the
groups with a higher grade, indicating that intense therapy
was indeed performed due to the severity of the histological
damage. Of note, the percentage of patients who had
undergone tonsillectomies was quite low, overall, in this
cohort. Evidence has been amassed indicating that tonsil-
lectomies, plus steroid pulses, impact the induction of clin-
ical remission and attenuates the progression of renal injury
[13-16]. Recent nationwide surveys have reported that
approximately half of the institutes have performed tonsil-
lectomies in conjunction with steroid pulse therapy [17, 18].
Therefore, validation of the current 2012 classification, using
the cohort of ongoing prospective study performed by the
Special IgA Nephropathy Study Group (Ministry of Health,
Labor and Welfare of Japan), is important.

In conclusion, the previously proposed (2002) classifi-
cation could identify the risk of long-term renal outcomes
in IgA nephropathy by analyzing the same cohort used to
establish the 2012 classification. However, the 2002 clas-
sification could not definitely discern the renal outcomes
among the 4 groups, as the odds ratio of ESRD was not
different between the groups with ‘relatively poor prog-
nosis’ and ‘relatively good prognosis’. In addition, the
‘poor prognosis’ group in the 2002 classification included
patients with milder HG according to the current classifi-
cation. Therefore, the risk of progression to ESRD is
believed to be overestimated in patients in the ‘poor
prognosis’ group of the 2002 classification.
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"1 AH was one of the predictors of 1- and 5-year mortality for
patient survival in AAV, and ILD was added as one of the pre-
dictors of 5-year mortality.

\ Conclusion. In these AAV patients, not only AH but also ILD

| was frequently observed. AH was associated with the progno-

\

[

|

\

ABSTRACT

Background. Pulmonary involvement is one of the hallmark
lesions of anti-neutrophil cytoplasmic autoantibody (ANCA)-
associated vasculitis (AAV) as well as rapidly progressive
glomerulonephritis (RPGN). However, the pulmonary in-
volvement of AAV patients seems to differ between Europe
and Japan, as does the ANCA serotype. Keywords: alveolar hemorrhage, ANCA-associated vasculitis,
Methods. This retrospective and prospective multicenter | interstitial lung disease, mortality

cohort study collected the clinical data of the features and out- |

comes of 1772 RPGN patients treated from 1989 to 2007 in | R
Japan. Based on this nationwide RPGN survey, we analyzed | [NTRODUCTION
the cases of 1147 AAV patients. ‘

Results. We found that 52.3% of the AAV patients had pul- | Pulmonary involvement is one of the hallmark lesions of anti-
monary involvements: 15.4% of the AAV patients had alveolar | neutrophil cytoplasmic autoantibody (ANCA)-associated vas-
hemorrhage (AH), 26.2% had interstitial lung disease (ILD), | culitis (AAV) [1]. The features of the pulmonary involvement
2.8% had bronchial asthma, 2.4% had pulmonary granuloma | vary according to the type of vasculitis [2]. In eosinophilic
and 12.8% had a chest X-ray abnormality without AH, ILD or | granulomatosis with polyangiitis (EGPA), bronchial asthma is

sis, but ILD was associated with the long-term prognosis
of AAV.

S—

pulmonary granuloma. Patient survival was significantly dif- | the major pulmonary lesion. The pulmonary manifestation of
ferent among the following six groups: the 5-year survival rate | granulomatosis with polyangiitis (GPA) is necrotizing granu-
was 41.5% in the patients with AH, 50.2% in those with ILD, lomatous inflammations, including nodules, masses with a
67.9% in those with bronchial asthma, 62.5% in those with cavity, airway stenosis and alveolar hemorrhage (AH). AH is

|
pulmonary granuloma, 55.8% in those with chest X-ray abnor- ’ also the most frequent pulmonary manifestation of microscop-
mality and 73.3% in those without pulmonary involvement. | ic polyangiitis (MPA). The incidence of AH is 7-45% in GPA
|

=

© The Author 2015. Published by Oxford University Press 1
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and 10-30% in MPA, but AH is rare in EGPA [3]. Among
AAV patients with AH, the most common clinical diagnosis
was MPA (52%), followed by GPA (41%) and EGPA (6%) [4].

Differences in the incidence and ANCA serotype of AAV
patients were observed between studies conducted in Europe
and Japan [5]. Although the data regarding the overall occur-
rence of renal vasculitis were similar in Europe and Japan,
PR3-ANCA -associated vasculitis (or GPA) seemed to be much
less common in Japan. Moreover, differences between studies
from Europe and Japan were observed concerning the pulmon-
ary involvement of AAV. Among patients with AAV, interstitial
lung disease (ILD), such as pulmonary fibrosis and interstitial
pneumonitis, was found to be rare (2-3%) in Europe [6, 7], but
much more frequent in Japan (29-39%) (8, 9].

Among the ILD patients who were positive for myeloperox-
idase (MPO)-ANCA in Japan, 45% demonstrated glomerulo-
nephritis [10]. In an analysis of sequential cohorts of patients
with MPA and renal-limited vasculitis collected from Euro-
pean and Japanese centers, the MPA patients in Japan had a
significantly higher age at onset, more frequent MPO-ANCA
positivity, lower serum creatinine and more frequent ILD
compared with the MPA patients in Europe [11].

To clarify the patient characteristics and prognosis accord-
ing to the pulmonary lesions of AAV in Japan, in this study we
retrospectively analyzed the cases of 1147 AAV patients with
rapidly progressive glomerulonephritis (RPGN) based on the
previous Japan RPGN registry obtained via a questionnaire
survey [12].

MATERIALS AND METHODS

Subjects

We retrospectively collected the records of patients with
RPGN treated in Japan from 1989 to 1998 and prospectively
collected the clinical records of RPGN patients treated from
1999 to 2007 by sending a questionnaire annually by post to
343 nephrology departments of tertiary hospitals in Japan (the
names of all of departments are given in the Supplementary
data S1). This study was approved by the Medical Ethics Com-
mittee at the Graduate School of Comprehensive Human
Sciences, University of Tsukuba, in accordance with the guide-
lines for epidemiological research issued by the Ministry of
Health, Labor and Welfare of Japan.

The definition of RPGN was based on the clinical findings
of rapidly progressing renal failure over several weeks to a few
months, accompanied by the following nephritic urinary ab-
normalities: hematuria, proteinuria, and red blood cell cast or
granular cast in urine sediment. In total, 171 (49.9%) of the
343 nephrology departments responded, and 1772 patients
with RPGN were registered [12].

Among the 1772 RPGN cases, 1147 ANCA-associated
renal vasculitis patients were investigated in the present study.
ANCA-associated renal vasculitis was diagnosed by each
nephrology department, based on characteristic clinical and
histological features of small-vessel vasculitis as defined by the
Chapel Hill Consensus Conference 1994 [13], clinical evidence
of RPGN and a positive test for ANCA. Patients with other

types of systemic small-vessel vasculitis, such as Henoch-
Schénlein purpura, essential cryoglobulinemic vasculitis, drug-
induced vasculitis, systemic lupus erythematosus, rheumatoid
arthritis and malignancy-associated vasculitis were excluded.
The cases of patients with anti-glomerular basement membrane
(GBM) antibody disease, which was defined as the presence of
serum anti-GBM antibody or a linear binding of IgG as detected
by direct immunofluorescence, were also excluded.

Investigated parameters

Baseline characteristics including age, gender, height, weight,
blood pressure, clinical symptoms, laboratory findings (blood
cell counts, biochemical, serological and urinary features) and
renal histological findings at presentation were obtained from
the patients’ clinical records. ‘Pulmonary involvement’ indicates

ence of a chest X-ray abnormality. The initial dose of oral pred-
nisolone, the duration of the initial dose, immunosuppressive
treatment and plasma exchange (or plasmapheresis) were also
recorded. Follow-up clinical data including survival outcome,
dialysis dependence, initial date of dialysis therapy, final follow-

|
\
|
: AH, bronchial asthma, pulmonary granuloma, ILD or the exist-
»
\

| up date and cause of death were recorded.

Statistical analysis

|
|
\
} Continuous variables are presented as mean + SD, and cat-
|

egorical variables are presented as numbers with percentages.
We used an analysis of variance (ANOVA) to assess differ-
ences among subject groups, and post hoc comparisons were
made using the Bonferroni/Dunn test. Differences in categor-
ical variables were checked using the y* test, and post hoc com-
parisons (Bonferroni correction) were performed to detect
differences between the groups. Survival rates were estimated
with the Kaplan-Meier method, and differences in estimated
survival curves were assessed using the log-rank test. End
points for patient survival were death, loss to follow-up and
closure of study. We tested the parameters of patient charac-
teristics, symptoms and laboratory data (including histological
findings) in a univariate Cox analysis, and then we estimated
the hazard ratios (HRs) of patient outcomes in a multivariate
Cox regression analysis (using the covariates that were signifi-
cantly associated with the event in the univariate analysis).
The relative risk of death is expressed as a HR with 95% confi-
dence interval. Statistical significance was defined as a P-value
of <0.05, but in multiple comparisons, the critical P-value (o)
was divided by the number of comparisons being made (when
one category among six groups was analyzed, the significance
threshold was placed at oo = 0.05/15 = 0.033). All statistical ana-
lyses were performed using PASW Statistics software, version
18 (IBM Japan, Tokyo) for Windows.

R — - -
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RESULTS

Pulmonary involvements

Among the 1172 RPGN patients, 1147 patients had AAV,
and the mean age at onset was 64.3 + 14.4 years old. Females
were more common (male:female = 1:1.18). Among the 1147
AAV subjects, 1088 AAV patients had MPO-ANCA and 114
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had PR3-ANCA (55 AAV patients had both MPO- and PR3-
ANCA).

Among the 1147 AAV subjects, 600 AAV patients had pul-
monary involvement, 528 patients had AAV without pulmon-
ary involvement and further information ~19 AAV patients

was not available. Among the AAV subjects with pulmonary ;

involvement, 177 patients had AH, 301 had ILD, 32 had bron-
chial asthma and 27 had pulmonary granuloma. Among the
patients without AH, ILD or pulmonary granuloma, the exist-
ence of a chest X-ray abnormality was observed in 147 pa-
tients. We found that 508 patients had a single pulmonary
involvement, 79 had two involvements and 6 had three invol-
vements. Fifty patients had both AH and ILD, six had both
AH and pulmonary granuloma, four had both AH and bron-
chial asthma, five had both ILD and pulmonary granuloma,
seven had both ILD and bronchial asthma and seven had both
bronchial asthma and chest X-ray abnormality. Among the six
patients with three involvements, two patients had AH, ILD
and bronchial asthma; two had AH, pulmonary granuloma
and bronchial asthma; one had AH, ILD and pulmonary
granuloma and one had ILD, pulmonary granuloma and bron-
chial asthma.

Among the 1088 MPO-AAV subjects, 494 patients had
AAV without pulmonary involvement, 167 patients had AH,
291 had ILD, 31 had bronchial asthma, 20 had pulmonary
granuloma and 143 had a chest X-ray abnormality without
AH, ILD or pulmonary granuloma. Among the 114 AAV sub-
jects with PR3-ANCA, 58 patients had AAV without pulmon-
ary involvement, 18 patients had AH, 20 had ILD, 2 had
bronchial asthma, 9 had pulmonary granuloma and 16 had a
chest X-ray abnormality.

Lastly, we divided the AAV patients into six groups: the pa-
tients with AH (the AH group), patients with ILD (the ILD
group), those with bronchial asthma (the BA group), those
with pulmonary granuloma (the PG group), those with chest
X-ray abnormalities (the X-ray group) and those without pul-
monary involvement (the None group). The data of the AAV
patients with two or more pulmonary involvements were in-
cluded in each pulmonary involvement group.

Clinical features and symptoms

Among the six AAV groups, there were no significant dif-
ferences in gender, height or weight, but the mean age was sig-
nificantly lower in the None group compared with the other
three groups (versus the BA group, P = 0.0032; versus the ILD
group, P <0.0001; versus the X-ray group, P <0.0001). The
mean age in the AH group was significantly lower than that in
the ILD group (P =0.0001) and the X-ray group (P =0.0005).

The baseline characteristics and symptoms of the patients in
the six groups are given in Table 1. General symptoms such as
fever, weight loss, fatigue and appetite loss were frequently ob-
served in the ILD group. The frequencies of arthritis, episcler-
itis, ear-nose-throat (ENT) symptoms and nasal granuloma
were significantly higher in the PG group than that in the
None group. Hemosputum was significantly more common in
the AH group compared with the X-ray, ILD and None groups.
The percentages of bleeding tendency and purpura in the AH
group were also significantly higher than those in the X-ray,

ILD and None groups. The frequencies of dyspnea, heart
disease and peripheral neuropathy were significantly higher in
the BA group compared with the None group.

Laboratory data

Table 2 provides the baseline laboratory and histological
findings of the six patient groups. On laboratory examination,
the white blood cell count in the None group was significantly
lower than that in the other groups except for the PG group,
and the serum C-reactive protein level in the None group was
significantly lower than that in the other five groups. Hypereo-
sinophilia was highly observed in the BA group. Severe anemia
and more deteriorated renal function (blood urea nitrogen and
serum creatinine levels) were observed in the AH group.
MPO-ANCA was less detected and PR3-ANCA was highly de-
tected in the PG group, but these findings were not significant.
There were no significant differences in the urinary examin-
ation findings (i.e. urinary protein, urinary occult blood and
cellular casts) among the six groups. There were no significant
differences in kidney size or histological findings among the
six groups.

Treatments

Oral corticosteroids were administered to 95.3% of the
patients (1076/1129), but immunosuppressants were used in
46.4% (516/1112) and plasmapheresis (including plasma ex-
change) was performed in 13.5% (151/1116) of these AAV pa-
tients with RPGN in Japan. The treatments administered to the
patients in the six groups are given in Table 3. There was no
significant difference in the frequency of the use of oral corti-
costeroids among the six groups, but the initial dose of oral
corticosteroid, the frequency of use and the daily dose of
methylprednisolone pulse therapy in the AH group were all sig-
nificantly higher than that in the ILD, X-ray and None groups.

There were no differences in the uses of immunosuppres-
sants, the use of oral or intravenous cyclophosphamide, or the
doses or times of intravenous cyclophosphamide among the
six groups. However, the percentage of patients who received
plasma exchange therapy was significantly higher in the AH
group than in the ILD, X-ray and None groups.

Outcomes

The cumulative patient survival rate at 1 year for all of the
AAV patients was 73.5%, and that at 5 years was 60.1%. There
was no significant difference in prognosis among the patients
classified by ANCA status (Figure 1A). Patient survival was
significantly different among the six groups: the 1-year sur-
vival was 56.2% in the AH group, 69.9% in the ILD group,
82.1% in the BA group, 69.6% in the PG group, 70.8% in the
X-ray group and 82.1% in the None group, whereas the 5-year
survival rates were 41.5, 50.2, 67.9, 62.5, 55.8 and 73.3%, re-
spectively (Figure 1B). Patient survival in the MPO-ANCA-
positive AAV patients was significantly different among the
six groups (Figure 1C) and similar to that in the total AAV
patients, but there was no significant difference in patient
survival among the PR3-ANCA-positive AAV patients
(Figure 1D) because of the small numbers of patients.

Pulmonaryinvolvements in ANCA-associated vasculitis 3
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Alveolar hemorrhage

Table 1. Characteristics and symptoms of patients with ANCA-associated renal vasculitis

Interstitial lung disease
(n=2301)

Bronchial asthma
(n=32)

Pulmonary
granuloma
(n=27)

Chest X-ray

abnormality
(n=147)

None (n = 528)

No. of pulmonary 1.4+0.5" 12+0.5" 1.9+0.7* 1.7+0.7* 1.0+0.2* 0.0£0.0
involvements

Age (years) 62.8+15.7 67.8+11.3% 69.5+11.3" 64.9+10.2 68.1 10.0™ 61.6+16.1
Gender (male) 44.6% (78/175) 47.6% (140/294) 40.6% (13/32) 44.4% (12/27) 49.7% (72/145) 43.4% (225/519)
Height (cm) 156.0 +9.3 156.0 +£9.5 155.2 £ 10.1 157.0 +10.0 157.0+£9.2 156.4 +9.6
Weight (kg) 51.9+10.3 533+ 11.1 51.0+8.6 50.8+10.4 52.2%9.6 524 +10.7
Mean blood pressure  98.3 +14.3 96.1+14.8 95.7 + 14.7 945+12.2 96.5+15.4 98.0+15.9
(mmHg)

Arthritis 19.0% (32/168) 18.6% (54/291) 16.1% (5/31) 36.0% (9/25)° 10.6% (15/142) 18.2% (94/517)
Fever 65.7% (115/175)* 58.6% (173/295)" 65.6% (21/32) 69.2% (18/26) 63.0% (92/146)* 43.0% (226/525)
Weight loss 26.7% (44/165) 37.2% (106/285)" 28.1% (9/32) 37.5% (9/24) 37.0% (51/138)* 22.3% (115/516)
Fatigue 68.0% (115/169) 71.2% (208/292)" 81.3% (26/32) 68.0% (17/25) 72.0% (103/143) 58.5% (305/521)
Appetite loss 56.5% (96/170)* 60.8% (178/293)* 67.7% (21/31) 56.0% (14/25) 61.3% (87/142)* 42.8% (223/521)
Bleeding tendency 19.6% (33/168)“'1"d 5.9% (17/288) 15.6% (5/32)* 16.0% (4/25)* 4.9% (7/143) 2.9% (15/513)
Purpura 16.6% (28/169)™" 9.3% (27/290) 12.9% (4/31) 20.0% (5/25)° 2.8% (4/143) 6.4% (33/516)
Rashes 4.1% (7/169) 6.6% (19/290)* 9.7% (3/31) 16.0% (4/25)* 3.5% (5/143) 1.9% (10/519)
Raunaud phenomenon  3.0% (5/168) 4.8% (14/290) 6.7% (2/30) 12.0% (3/25) 2.8% (4/144) 2.9% (15/516)
Gangrene 0.6% (1/169) 0.3% (1/291) 0.0% (0/31) 0.0% (0/25) 0.0% (0/141) 0.2% (1/517)
Mouth ulcer 3.0% (5/169) 2.1% (6/291) 0.0% (0/31) 0.0% (0/24) 0.7% (1/143) 1.7% (9/517)
(Epi)scleritis 5.4% (9/167) 3.5% (10/286) 0.0% (0/31) 23.1% (6/26)“"""d 5.7% (8/141) 2.7% (14/512)
ENT symptoms 46.8% (80/171)* 37.7% (109/289)" 50.0% (16/32)" 72.0% (18/25)""”l 46.2% (66/143)" 22.2% (115/517)
Nasal granuloma 3.5% (6/170) 1.7% (5/291) 3.2% (1/31) 25.0% (6/24)“‘d 0.0% (0/142) 1.5% (8/517)
Hearing loss 6.5% (11/168) 4.8% (14/290) 10.7% (3/28) 8.0% (2/25) 2.9% (4/140) 4.5% (23/513)
Hemosputum 39.5% (68/172)“""“‘ 14.5% (42/289)" 26.7% (8/30)" 20.0% (5/25)* 13.0% (19/146)* 2.3% (12/518)
Dyspnea 32.7% (56/171)" 23.3% (67/288)" 50.0% (16/32)““"d 32.0% (8/25)* 19.9% (28/141)* 6.2% (32/516)
Heart disease 10.1% (17/168) 9.4% (27/287) 30.0% (9/30)“‘“"d 8.0% (2/25) 13.2% (19/144) 6.0% (31/519)
Arrhythmia 6.5% (11/170) 7.2% (21/290) 10.0% (3/30) 4.0% (1/25) 3.5% (5/142) 4.8% (25/519)
Nausea 25.1% (43/171) 23.0% (66/287) 35.5% (11/31) 32.0% (8/25) 28.2% (40/142) 17.9% (93/520)
Abdominal pain 10.1% (17/168) 4.5% (13/289) 9.4% (3/32) 16.7% (4/24) 8.4% (12/143) 6.4% (33/517)
Peptic ulcer 11.2% (19/169)" 5.9% (17/290) 9.7% (3/31) 16.0% (4/25) 6.4% (9/141) 4.6% (24/518)
Bloody diarrhea 15.6% (26/167)""d 5.9% (17/290) 16.7% (5/30)* 16.0% (4/25)* 5.6% (8/144) 3.5% (11/514)
Hypertension 29.4% (50/170) 36.2% (106/293) 45.2% (14/31) 32.0% (8/25) 34.3% (49/143) 32.8% (170/518)
Edema 42.1% (72/171) 43.8% (128/292) 53.1% (17/32) 46.2% (12/26) 36.1% (52/144) 35.3% (183/518)
Oliguria 16.7% (28/168)* 13.6% (39/287) 21.9% (7/32) 24.0% (6/25) 7.7% (11/143) 8.3% (43/516)
Gross hematuria 13.8% (23/167) 8.0% (23/286) 28.1% (9/32)“'d 16.0% (4/25) 9.7% (14/144) 10.2% (53/518)
Chance proteinuria/ 38.4% (63/164) 44.3% (127/287) 71.0% (22/31)° 42.3% (11/26) 59.3% (83/140)° 48.1% (248/516)
hematuria

Nephrotic syndrome 7.1% (12/168) 7.9% (23/290) 22.6% (7/31)* 16.0% (4/25) 8.5% (12/142) 7.0% (36/516)
Uremia 16.9% (28/166) 12.4% (35/283) 25.8% (8/31) 12.0% (3/25) 9.9% (14/142) 9.7% (50/513)
CNS symptoms 9.5% (16/168) 6.6% (19/290) 9.7% (3/31) 8.0% (2/25) 4.9% (7/142) 4.0% (21/519)
Peripheral neuropathy  15.5% (26/168) 16.1% (46/285) 25.8% (8/31)" 16.0% (4/25) 10.5% (15/143) 10.1% (52/515)

CNS, central nervous system.
“P <0.0033 versus none.

PP < 0.0033 versus chest X-ray abnormality.
P < 0.0033 versus alveolar hemorrhage.
9P <0.0033 versus interstitial lung disease.

In the univariate Cox regression analysis for patient sur-
vival in AAV (all results of the univariate Cox regression
analysis for patient survival in AAV are given in the Supple-
mentary data S2), we found that age, pulmonary involvement,
seven symptoms and 12 laboratory data were predictors of
1-year mortality (Table 4). However, AH, age, bleeding ten-
dency, peripheral neuropathy and serum creatinine level were
predictors of 1-year mortality in the multivariate Cox reg-
ression analysis for patient survival in AAV. As predictors of
5-year mortality, AH, age and serum creatinine level remained.
Moreover, ILD and platelet count were newly added to these
three parameters.

Regarding the causes of death (Table 5), infectious diseases
accounted for 41.0% of the deaths (160/390); pulmonary

involvements due to AAV were 13.8% (54/390), and the inci-
dence of both diseases together was 20.0% (78/390). Regarding
pulmonary involvements due to AAV, the percentage in the
AH group was relatively higher (28.9%) than that of the other
five groups. Infectious diseases were relatively common in
every group, and infectious diseases (including both infection
and vasculitis) were relatively more common in the ILD group
(68.6%).

DISCUSSION

g

One of the frequent pulmonary involvements of AAV is AH
[3, 4], and it is also one of the life-threatening manifestations of
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Erythrocyte sed. rate (mm/
h)

White blood cell (/mL)
Hypereosinophilia
Hemoglobin (g/dL)
Platelet (/mL)

Total protein (g/dL)
Albumin (g/dL)

Urea nitrogen (mg/dL)
Creatinine (mg/dL)

Total cholesterol (mg/dL)
C-reactive protein (mg/dL)
MPO-ANCA* (EU)

PR3-ANCA* (EU)

Complements
Elevated
Decreased

Hyperglobulinemia

Serum IgG levels (mg/dL)

Urinary protein
)

(1+)
(2+)
(3+)
(4+)

Amounts of urinary protein

(g/day)
Urinary occult blood
(%)
(1+)
(2+)
(3+)
(4+)
Red blood cell cast
Granular cast
White blood cell cast
Kidney size
Atrophy
Enlarged
Percentages of crescents
Patients with 50% of
crescents
Main types of crescents
Cellular
Fibrocellular
Tubulointerstitial damage
Mild
Moderate
Severe

Alveolar hemorrhage

100 +40

10310 +4561°
28.0% (26/93)
8.1+ 1.8
266+11.3

6.2 +0.7%%¢
28+0.6°

61.7 +26.6%4
541+291%¢
160 + 47°

7.06 + 8.34°
94.4% (167/177)
527.4+1206.9
10.2% (18/177)
254+92.7

10.5% (17/162)
14.8% (24/162)
57.0% (65/114)
1661 + 596

3.1% (5/162)
18.5% (30/162)
30.9% (50/162)
31.5% (51/162)
14.8% (24/162)
1.51+1.93

1.2% (2/165)
1.8% (3/165)
10.3% (17/165)
43.0% (71/165)
43.6% (72/165)
32.4% (47/145)
69.5% (105/151)
14.1% (20/142)

10.3% (16/155)
12.3% (19/155)
60.1+26.8
91.5% (118/129)

41.5% (49/118)
49.2% (58/118)

18.2% (22/121)
45.5% (55/121)
35.5% (43/121)

Table 2. Laboratory data of patients with ANCA-associated renal vasculitis

Interstitial lung

disease (n=301)

101 +36*

10 150 + 4466*
17.5% (32/183)
87+1.8
29.5+12.2
6.5+0.8
2.8+0.6
52.0+25.6
4.58 +2.89

162 +46°
6.13+6.65
96.7% (291/301)
322.2 £566.2
6.6% (20/301)
144+70.9

20.4% (57/279)
12.2% (34/279)
64.2% (147/229)
1863 + 673"

4.2% (12/285)
17.9% (51/285)
35.4% (101/285)
28.4% (81/285)
11.6% (33/285)
131133

1.0% (3/290)
2.1% (6/290)
15.2% (44/290)
50.7% (147/290)
30.0% (87/290)
31.1% (83/267)
69.5% (189/272)
19.4% (51/263)

13.9% (38/274)
10.6% (29/274)
56.2+26.6
88.6% (202/228)

46.0% (93/202)
43.6% (88/202)

18.5% (39/211)
40.3% (85/211)
40.8% (86/211)

Bronchial asthma

(n=232)

100 + 44

12181 + 5410°
42.3% (11/26)*>¢
9.1£20
284+145
64+0.8
28405
55.5+28.7
413+238
155 + 40
9.11+£9.55°
96.9% (31/32)
380.2+340.2
6.3% (2/32)
36+54

23.1% (6/26)
7.7% (2/26)
56.0% (14/25)
1804 + 664

0.0% (0/30)
30.0% (9/30)
36.7% (11/30)
23.3% (7/30)
10.0% (3/30)
1.21+1.03

0.0% (0/30)
0.0% (0/30)
6.7% (2/30)
73.3% (22/30)
20.0% (6/30)
27.6% (8/29)
63.3% (19/30)
13.8% (4/29)

15.4% (4/26)
15.4% (4/26)
50.0 +31.8
91.7% (22/24)

63.6% (14/22)
22.7% (5/22)

38.1% (8/21)
38.1% (8/21)
23.8% (5/21)

Pulmonary

granuloma
(n=27)

105 £54

9657 + 5611
41.2% (7/17)
89+2.1

29.0 + 14.0
6.8+0.2
2.8+0.6
58.0 +32.2
473+331
155+33
9.93+11.04*
74.1% (20/27)
257.9 £303.5
33.3% (9/27)
347+83.7

20.8% (5/24)
4.2% (1/24)
82.6% (19/23)
2160 + 471

8.3% (2/24)
25.0% (6/24)
29.2% (7/24)
20.8% (5/24)
16.7% (4/24)
1.21+1.09

0.0% (0/21)
9.5% (2/21)
23.8% (5/21)
42.9% (9/21)
23.8% (5/21)
45.5% (10/22)
77.3% (17/22)
19.0% (4/21)

4.2% (1/24)
16.7% (4/24)
66.5 +34.9
95.0% (19/20)

47.4% (9/19)
42.1% (8/19)

26.3% (5/19)
42.1% (8/19)
26.3% (5/19)

Chest X-ray
abnormality
(n=147)

104 +35°

11 042 + 5963*
17.9% (15/84)
85+1.7
313401375
64+0.8
2.7+0.5°
53.0+27.7
4.56+2.98

164 +47

6.62 + 6.42°
97.3% (143/147)
312.6 3124
10.9% (16/147)
6.7+16.6

23.1% (31/134)
10.4% (14/134)
64.9% (72/111)
1852 +572

2.7% (4/147)
19.0% (28/147)
32.7% (48/147)
31.3% (46/147)
10.2% (15/147)
1.36+1.26

0.0% (0/146)

3.4% (5/146)

10.3% (15/146)
50.0% (73/146)
34.9% (51/146)
27.9% (39/140)
66.2% (92/139)
13.2% (18/136)

16.7% (22/132)
18.9% (25/132)
54.1+292
86.4% (102/118)

53.9% (55/102)
39.2% (40/102)

17.9% (20/112)
43.8% (49/112)
35.7% (40/112)

None (17 = 528)

88 £41

8829 + 4320
19.4% (54/279)
88+17
284+11.8
64+08
3.0+06
51.0+263
4.51+2.90

179 +50
3994522
93.6% (494/528)
363.9 +787.4
11.0% (58/528)
214+97.0

18.1% (90/496)
9.3% (46/496)
57.9% (198/342)
1672 £ 693

1.8% (9/513)
15.2% (78/513)
27.7% (142/513)
36.6% (188/513)
14.6% (75/513)
1.53+1.73

0.2% (1/512)
2.0% (10/512)
15.0% (77/512)
45.9% (235/512)
35.7% (183/512)
29.3% (139/474)
68.3% (327/479)
14.3% (67/469)

13.3% (64/481)
11.6% (56/481)
59.5+28.1
91.5% (411/449)

43.8% (180/411)
39.2% (161/411)

16.2% (68/421)
42.5% (179/421)
39.9% (168/421)

*The missing values were described as negative.

*P <0.0033 versus none.

®P < 0.0033 versus chest X-ray abnormality.
P < 0.0033 versus alveolar haemorrhage.
9P < 0.0033 versus interstitial lung disease.
P <0.0033 versus pulmonary granuloma.

AAV [14-17]. However, the mortality due to AH varies among | patients with AH was 82% [16], but another group reported
| that 50% of similar patients were alive at their 1-year follow-up
i [17]. In the present study, the 1-year survival rate was 56.2%
| and the HR at death by AH was the highest variable; the HR

studies. Although AH alone was not associated with increased
mortality [18], AH increased the relative risk at death by 8.6
times in one study [15]. The I1-year survival rate of AAV

|
|
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Table 3. Treatments of patients with ANCA-associated renal vasculitis

Alveolar Interstitial lung

disease (n =301) (n

hemorrl

177

Bronchial asthma

32)

Chest X-ray
abnormality
(n=27) (n=147)

Pulmonary None (n = 528)

granuloma

Corticosteroids 96.5% (167/173) 97.0% (289/298) 100.0% (32/32) 100.0% (26/26) 97.9% (143/146) 93.1% (486/522)
Initial dose of PSL 44.9 + 14.4™< 399+13.4 415+ 11.6 424+123 40.2+12.5 394+11.2
(mg/day)

Initial periods (weeks) 3.8 +2.7 40+23 38%2.1 43+2.2 40+2.1 44+3.1
Methylprednisolone pulse  86.6% (149/172)"‘1"c 73.1% (215/294) 71.9% (24/32) 87.5% (21/24) 69.2% (101/146) 70.2% (363/517)
Daily doses of mPSL 806.9 +266.5" 735.7 £279.7 833.3 +£240.8 664.3 +292.0 703.5 +259.4 739.2 +268.0

(mg)
Days per time 3.0+0.3 3.0+0.2 3.0+0.0 29+04 3.0+£04 3.0+0.2
Times 171l 16,1 1.2+0.4 1.7+£0.9 1.4+0.6 1.7%+1.2
Immunosuppressants 45.7% (73/173) 44.7% (132/295) 48.4% (15/31) 40.7% (11/27) 41.4% (58/140) 46.7% (240/514)
Cyclophosphamide 45.7% (73/173) 40.1% (118/294) 35.5% (11/31) 55.6% (15/27) 37.1% (52/140) 41.2% (212/514)
Intravenous 22.8% (38/167) 14.7% (42/285) 23.3% (7/30) 28.0% (7/25) 9.9% (14/141) 10.9% (56/516)
cyclophosphamide
Doses/time of IVCY  482.9 +133.9 492.1+139.7 535.7 £ 149.2 562.5 +104.6 564.3 £217.0 537.8+ 156.9
(mg)
Times 25+23 2.3£1.9 29+1.6 40+2.8 1:94:11.3 28122
Oral cyclophosphamide 33.7% (58/172) 34.6% (101/292) 31.0% (9/29) 52.0% (13/25) 34.3% (48/140) 36.2% (184/508)
Azathioprine 2.9% (5/172) 1.7% (5/292) 3.4% (1/29) 4.0% (1/25) 1.4% (2/140) 2.4% (12/508)
Mizoribine 7.0% (12/172) 3.4% (10/292) 6.9% (2/29) 8.0% (2/25) 3.6% (5/140) 5.7% (29/508)
Cyclosporin A 0.6% (1/172) 2.7% (8/292) 6.9% (2/29)" 0.0% (0/25) 0.0% (0/140) 0.1% (5/508)
Apheresis 30.3% (53/]75);\17,: 16.0% (47/293) 12.5% (4/32) 15.4% (4/26) 15.0% (21/140) 8.7% (45/516)
Plasma exchange 28.6% (50/175)“"" 12.6% (37/293) 9.4% (3/32) 11.5% (3/26) 12.9% (18/140) 7.2% (37/516)
Plasma absorption 2.9% (5/175) 2.7% (8/293) 3.1% (1/32) 3.8% (1/26) 2.1% (3/140) 1.4% (7/516)
Intravenous 5.7% (3/53) 2.8% (3/107) 0.0% (0/13) 0.0% (0/12) 0.0% (0/48) 3.0% (5/166)
immunoglobulin
Biologics 2.0% (1/49) 1.0% (1/103) 0.0% (0/13) 9.1% (1/11) 2.1% (1/48) 0.6% (1/162)

PSL, prednisolone; mPSL, methylprednisolone; IVCY, intravenous cyclophosphamide.
*P < 0.0033 versus none.

PP < 0.0033 versus chest X-ray abnormality.

P < 0.0033 versus interstitial lung disease.

for 1-year survival was ~3.7 and that for 5-year survival was
3.0. Although the treatment strength of the initial dose of cor-
ticosteroid, the percentage of methylprednisolone pulse therapy
usage and the frequency of receiving a plasma exchange treat-
ment in the AAV patients with AH were significantly stronger
than those in the other pulmonary involvement groups, poor
outcomes were observed in the AAV patients with AH.

It was recently demonstrated that renal failure and older
age were associated with higher mortality among AAV patients
with AH [19]. In the present study, age and serum creatinine
level were predictive variables that increased the relative risk at
death, as was AH. Moreover, all of the analyzed patients had
RPGN (since this study was based on the RPGN survey); this
contributed to the poor outcomes of the patients with AH.

AAV with ILD was first reported in 1990 [20], and several
reports of ILD in AAV patients [6-9, 11, 21-32] and ANCA-
positive ILD patients [10, 33-38] were published since then.
ILD developed more frequently in AAV patients who were
MPO-ANCA positive, in particular in those with a diagnosis
of MPA, compared with patients with PR3-ANCA-positive
AAV [6-11, 23-32], and a higher prevalence of ILD has been
reported in Asian countries [8, 9, 11, 31, 32]. In the present
study, 26% of the AAV patients had ILD and 97% of the AAV
patients with ILD had MPO-ANCA, similar to the above-
cited studies reporting that AAV patients with ILD had higher
percentages of general symptoms (such as fever, weight loss

170

and fatigue), as in previous reports [30, 32]. Regarding the la-
boratory data, elevated serum C-reactive protein and erythro-
cyte sedimentation rate levels and abnormal urinalysis and/or
renal function were demonstrated in a previous study [32],
but there were no significant differences in inflammatory
parameters in that comparison of ILD patients and patients
with other pulmonary involvements. A higher prevalence of
ILD in this study was also associated with the recruited sub-
jects who had demonstrated RPGN, because renal involve-
ment was frequently observed in AAV patients with ILD [20,
23-26, 30, 32].

The prognosis of AAV patients with ILD is still unknown; it
was reported that there was no significant difference in mortal-
ity among patients with and without ILD [7]. However, several
studies contended that AAV patients with ILD have a poor
prognosis [6, 26, 29, 30, 32]. In the present study, AH was the
most life-threatening variable for 1- or 5-year survival, but
ILD also increased the relative risk at death at 5 years by ~2-
fold. Therefore, AH may be associated with the short-term
prognosis, and ILD may be associated with the long-term
prognosis of AAV.

The causes of ILD in AAV are still unclear. Several potential
risk factors for ILD have been demonstrated: cigarette smoking,
environmental exposures, microbial agents and microaspira-
tion with gastroesophageal reflux [39]. However, unfortunate-
ly, we were not able to identify how these factors affected ILD
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C 424 — MmPO-ANCA
= PR3-ANCA
4 = Double positive
0 1 2 3 4 5
Number at risk Time (Years)
MPO-ANCA 794 517 444 365 290 225
PR3-ANCA 47 29 25 20 17 16
Double positive 40 29 24 2 20 18
C 1.0
0.8 1
2
E .
]
2
F 0419
3
E
S
029 = alveolar hemorrhage = interstitial lung discase
= bronchial asthma === pulmonary granuloma
04 = chest X-ray abnormality === none
0 I 2 3 4 5
Time (Years)
Number at risk
alveolar hemorrhage 139 67 61 47 40 25
interstitial lung discase 240 148 19 97 3 47
bronchial asthma 27 19 13 7 | 6
pulmonary granuloma 17 1 11 8 7 4
chest X-ray abnormality 109 63 50 44 35 31
none 349 257 231 192 158 132

B 1.0
08 A\
8 3
g =
K] =
s 061 S
2 -
3 041
3
8
021 ~= alveolar hemorrhage = interstitial lung discase
== bronchial asthma “==  pulmonary granuloma
04 chest X-ray abnormality === none
0 i 2 3 4 3
Number at risk Vi (hoct)
alveolar hemorrhage 147 3 66 51 43 27
interstitial lung discase 247 151 121 87 75 49
bronchial asthma 28 19 13 7 7 6
pulmonary granuloma 24 16 15 11 10 7
chest X-ray abnormality 113 66 53 47 3 33
none 374 271 243 201 165 140
D 1.0
0.8 ﬂ F ]
M Ll
g l e
3
Z 061
2
2 g
£ 041 I
3 ECH
E
5
< " o~ .
029 === interstitial lung discasc
== | bronchial asthma === pulmonary granuloma
04 = | chest X-ray abnormality == none
0 1 2 3 4 5
Time (Years)
Number at risk
alveolar hemorrhage 13 11 9 8 7 5
interstitial lung disease 15 7 6 6 6 6
bronchial asthma 2 0 0 0 0 0
pulmonary granuloma 8 6 6 4 4 3
chest X-ray abnormality 12 7 5 3 5 3
none 43 29 25 20 18 18

FIGURE 1: The 5-year patient survival curves for AAV patients (Kaplan-Meier method). The 5-year patient survival curves for AAV patients
with differing ANCA status (A). Magenta line: MPO-ANCA-positive AAV patients; green: PR3-ANCA-positive AAV patients; blue: double
ANCA-positive AAV patients. The 5-year patient survival curves for all AAV patients (B), MPO-AAV patients (C) and PR3-AAV patients

(D) with differing pulmonary involvements. Magenta line: AAV patients without pulmonary involvement; pink line: patients with diffuse alveo-
lar hemorrhage; green: interstitial lung disease; blue: bronchial asthma; orange: pulmonary granuloma; yellow: chest X-ray abnormalities.

in AAV, because we did not investigate environmental factors
including smoking status. In previous studies of ILD in AAV
or ANCA-positive ILD patients from Japan, 26-53% of the pa-
tients were nonsmokers [10, 34, 36, 38], and there may be
other causes of ILD than smoking.

In the present study, 17% of the ILD patients (50/301) also
presented AH. Ultrastructural and immunohistochemical ana-
lyses of AAV have demonstrated an association between the
vascular injury and the progression of lung fibrosis [40], and
subclinical AH was observed in patients with AAV or urticarial
vasculitis [41-43]. It has thus been suggested that subclinical
AH may play a role in the development of pulmonary fibrosis
in AAV. However, MPO-ANCA itself may have a pathogenic
role in the pulmonary tissue injury of AAV, as was suggested
in a study using an animal model of anti-MPO-associated pul-
monary vasculitis [44]. The binding of translocated MPO to
the surface of neutrophils and circulating ANCA may cause
neutrophil degranulation and the release of reactive oxygen
species, resulting in pulmonary injury and consequent fibrosis
[44, 45]. This hypothesis was supported by the association
between MPO-ANCA and ILD in patients with rheumatoid

arthritis [46], but this theory does not explain the pathogenesis
of ANCA-negative pulmonary fibrosis. Although ANCA was
negative at the diagnosis of ILD, ANCA-positive conversion
occurred in several cases, and some of those cases developed
AAV [33, 35, 38]. Therefore, further investigations into the
pathogenesis of ILD in AAV are needed.

The AAV patients with a chest X-ray abnormality in the
present study also had poor prognoses. This group may be het-
erogeneous; it might include AH patients who did not have
hemosputum and/or were not examined by bronchoscopy, pa-
tients with pulmonary granuloma who could not be diagnosed
histologically and patients with infectious pneumonia. Consid-
ering our finding that the major cause of death was infectious
disease, infectious pneumonia may have been a complication
at the time of diagnosis for some patients. Possible reasons for
the poor prognosis of the AAV patients with chest X-ray ab-
normalities are an insufficient diagnosis and the complication
of infectious pneumonia. To improve the outcome of AAV pa-
tients with pulmonary involvement, it is necessary to achieve
the correct diagnosis of pulmonary lesions by active examina-
tions such as bronchoscopy.
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Table 4. Cox regression analysis of predictors for outcome in patients with ANCA-associated renal vasculitis

1-year survival 5-year survival

Univariate Multi 3 Univariate Multivariate

Hazard ratio 95% CI P-value Hazard ratio P-value Hazard ratio ) P-value Hazard ratio P-value

Pulmonary involvements <0.0001 0.0286 <0.0001 0.0136
None ref. - - ref. - - ref. - - ref. - -
Alveolar hemorrhage 3.014 2.139-4.246 <0.0001 3.084 1.612-5.900 0.0007 2.892 2.167-3.859 <0.0001 2.743 1.588-4.738 0.0003
Interstitial lung disease 15723 1.235-2.403 0.0014 1.379 0.771-2.534 0.2705 2.145 1.647-2.795 <0.0001 1.674 1.066-2.630 0.0252
Bronchial asthma 0.954 0.384-2.366 0.9184 1.523 0.419-5.532 0.5226 1.336 0.675-2.644 0.4057 1.604 0.600-4.285 0.3460
Pulmonary granuloma 1.960 0.900-4.270 0.0902 1.299 0.291-5.790 0.7317 1.608 0.813-3.180 0.1725 1.315 0.446-3.883 0.6198
Chest X-ray abnormality 1.711 1.128-2.596 0.0116 1.240 0.590-2.607 0.5695 1.870 1.331-2.626 0.0003 1.360 0.754-2.452 0.3072

Age 1.032 1.020-1.045 <0.0001 1.039 1.014-1.065 0.0020 1.036 1.026-1.047 <0.0001 1.036 1.017-1.055 0.0002

Bleeding tendency 2.454 1.691-3.560 <0.0001 3.155 1.383-7.196 0.0063 1.888 1.338-2.665 0.0003 1.844 0.910-3.737 0.0897

Dyspnea 1.396 1.034-1.885 0.0293 0.626 0.301-1.302 0.2101 1.612 1.269-2.049 <0.0001 1.071 0.656-1.750 0.7835

Bloody diarrhea 2.341 1.597-3.432 <0.0001 1.890 0.808-4.420 0.1421 1.887 1.331-2.674 0.0004 1.179 0.574-2.425 0.6535

Oliguria 1.775 1.284-2.453 0.0005 0.734 0.277-1.944 0.5333 1.515 1.140-2.014 0.0042 0.805 0.527-1.230 0.3161

Uremia 1.490 1.058-2.098 0.0225 0.782 0.364-1.679 0.5274 1.410 1.051-1.891 0.0220 0.838 0.471-1.493 0.5495

CNS symptoms 2112 1.415-3.151 0.0003 1.849 0.802-4.265 0.1494 1.491 1.020-2.179 0.0391 1.126 0.492-2.575 0.7785

Peripheral neuropathy 0.517 0.324-0.826 0.0058  0.138 0.041-0.460  0.0013 0.774 0.563-1.064 0.1147 - - -

White blood cell count 1.000 1.000-1.000 0.0010 1.000 1.000-1.000 0.9015 1.000 1.000-1.000 0.0013 1.000 1.000-1.000 0.8001

Hemoglobin concentration 0.877 0.813-0.945 0.0006 1.111 0.946-1.306 0.2002 0.917 0.864-0.974 0.0051 1.084 0.959-1.226 0.1959

Platelet count 0.974 0.962-0.986 <0.0001 0.982 0.960-1.004 0.1075 0.977 0.968-0.986 <0.0001 0.978 0.962-0.996 0.0138

Serum total protein level 0.689 0.582-0.815 <0.0001 0.951 0.673-1.343 0.7748 0.738 0.645-0.845 <0.0001 0.922 0.710-1.197 0.5403

Serum albumin level 0.622 0.493-0.786 <0.0001 0.797 0.455-1.396 0.4276 0.603 0.499-0.728 <0.0001 0.791 0.520-1.205 0.2753

Blood urea nitrogen level 1.016 1.011-1.020 <0.0001 1.009 0.996-1.021 0.1726 1.013 1.009-1.017 <0.0001 1.008 0.998-1.018 0.0975

Serum creatinine level 1.166 1.125-1.207 <0.0001 1.173 1.039-1.325 0.0099 1.144 1.111-1.178 <0.0001 1.132 1.024-1.251 0.0154

Total cholesterol level 1.002 1.001-1.002 <0.0001 0.995 0.990-1.001 0.1048 0.992 0.989-0.995 <0.0001 0.998 0.995-1.000 0.0830

Serum C-reactive protein level 1.024 1.007-1.041 0.0050 1.040 0.997-1.086 0.0697 1.018 1.003-1.032 0.0142 1.024 0.988-1.061 0.1874

Serum complement level <0.0001 0.1111 <0.0001 0.1891
Normal ref. - - ref. - - ref. ~ - ref. - -
Decreased 13721 1.231-2.407 0.0015 1.259 0.669-2.370 0.4748 1.680 1.268-2.228 0.0003 1.208 0.735-1.985 0.4553
Elevated 0.472 0.302-0.734 0.0009 0.521 0.260-1.043 0.0657 0.568 0.409-0.791 0.0008 0.679 0.412-1.119 0.1288

Percentages of crescents 1.007 1.001-1.013 0.0133 1.002 0.993-1.011 0.6389 1.009 1.005-1.014 <0.0001 1.006 0.999-1.013 0.0740

P <0.05 in the multivariate analysis indicates bold values.
CI, confidence interval; CNS, central nervous system.
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Table 5. Causes of death in patients with ANCA-associated renal vasculitis

Alveolar hemorrhage
(n=177) g ase
(n=2301)

Pulmonary involvements dueto  28.9% (28/97)*° 17.8% (21/
vasculitis 118)*>
Both pulmonary involvements 29.9% (29/97)*° 35.6% (42/
and infectious diseases 118)2P
Infectious diseases 30.9% (30/97)* 33.1% (39/
118)*
Infectious pneumonia 47.4% (46/97) 48.3% (57/
118)
Others 10.3% (10/97)*° 13.6% (16/
118)**

Bronchial asthma

(n=32)

Pulmonary Chest X-ray None (n =528)
abnormality

(n=147)

granuloma

(=27)

12.5% (1/8) 18.2% (2/11)* 2.1% (1/48) 0.9% (1/108)
12.5% (1/8) 27.3% (3/11)* 4.2% (2/48) 0.9% (1/108)
50.0% (4/8) 36.4% (4/11) 52.1% (25/48) 53.7% (58/108)

62.5% (5/8) 45.5% (5/11) 45.8% (22/48) 29.6% (32/108)

25.0% (2/8) 18.2% (2/11) 41.7% (20/48)  44.4% (48/108)

“P < 0.0033 versus none.
®P < 0.0033 versus chest X-ray abnormality.

Among the present AAV patients with pulmonary granu-
loma, symptoms of GPA such as arthritis, episcleritis, ENT
symptoms and nasal granuloma were frequently observed, and
PR3-ANCA was frequently detected. The numbers of patients
with these two diseases in this study were relatively small. The
reason for a low GPA may be much less common for PR3-
ANCA -associated vasculitis in Japan compared with Europe
[5]. In the present study, most of the AAV patients with bron-
chial asthma had specific symptoms of EGPA such as heart
disease, peripheral neuropathy and ENT symptoms, and eo-
sinophilia was frequently observed. It would have been appro-
priate to analyze AAV patients excluded EGPA because of the
different prognoses from MPA or GPA. However, we were un-
fortunately unable to clearly exclude EGPA in this study,
because some data were missing. Concerning EGPA, the inci-
dence was similar between Europe and Japan [47], but renal in-
volvement was observed in 20% of patients with EGPA [48],
and thus, the number of EGPA patients in the present RPGN
survey was small. Considering the findings mentioned above,
we suspect that most of the investigated subjects had MPA.
However, we were unable to clarify the classification of AAV
in this study. The classification of AAV has been dependent on
the various treating facilities; moreover, the time at which the
present study started was before the classification algorithm was
published by the European Medicines Agency [49], and thus,
the classification of AAV may be imperfect. On the other hand,
in the present study, 50.6% (267/528) of the AAV patients
without pulmonary involvement did not have symptoms of
other organ involvement; 23.3% (267/1147) of the AAV patients
without pulmonary involvement had renal-limited vasculitis. In
comparison with Europe, in which 14-25% of AAV patients
with renal involvement had renal-limited vasculitis [50, 51], the
frequency of renal-limited vasculitis in Japan is similar.

In the present study, the data of over 1000 AAV patients
from across Japan were collected, but part of this study was
retrospective and some data were missing because of the ques-
tionnaire aspect of the study. Therefore, the time points of the
onset of pulmonary involvement in this patient population
were not identified, because the collected data were insufficient
for this analysis, and the classification for AAV was not
perfect. Moreover, the severity of the pulmonary involvements
could not be assessed by specific examinations such as blood

gas analysis, respiratory function, high-resolution computed
tomography and bronchoscopy. In addition, the treatment
strength in the AAV patients with AH was significantly stron-
ger. Investigations of the incidence of pulmonary involve-
ments and the accurate outcomes should be conducted as
prospective studies with larger numbers of AAV patients.

A prospective study of AAV in Japan demonstrated that 20
(41.7%) of 48 AAV patients had RPGN or pulmonary-renal
syndrome [52]. On the other hand, another Japanese prospect-
ive study of 156 newly diagnosed AAV patients in Japan
showed that 109 (69.9%) of those patients had renal involve-
ments, and 61 (39.1%) of those patients had ILD [11]. That
ILD frequency in that study was similar to that of the present
study. Moreover, there was no significant difference in the fre-
quency of renal involvement between the AAV patients with
ILD and those without ILD in that prospective study [11].
However, AAV patients without renal involvement were not
included in the present study, because the study was a part of a
nationwide survey of patients with RPGN. Moreover, we did
not include cases of AAV patients without ANCA positivity
(such as those with ANCA-negative EGPA) or drug-induced
AAV patients (such as those with antithyroid agent-associated
vasculitis). It is desirable to investigate all patients with ANCA
vasculitis, including patients without renal involvement.

In summary, we found that approximately one-half of the
AAV patients with RPGN had pulmonary involvement, and
that not only AH but also ILD was frequently observed in these
AAV patients in Japan. AH was associated with the prognosis,
and ILD was associated with the long-term prognosis of AAV.

SUPPLEMENTARY DATA

Supplementary data are available online at http:/ndt.oxford
journals.org.
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Abstract

Background Membranous nephropathy (MN) is the
leading cause of nephrotic syndrome in adults. Anti-M-
type phospholipase A2 receptor (anti-PLA2R) antibodies
are found in most patients with idiopathic MN (iMN)
worldwide, but the prevalence of anti-PLA2R antibodies
among Japanese patients with MN is unknown. In this
study, we determined the prevalence of anti-PLA2R anti-
bodies in Japanese patients with MN.

Methods The study population of our retrospective cross-
sectional consisted of 131 patients with biopsy-proven MN
who had not received any immunosuppressive treatments
at time of both renal biopsy and serum sample collection.
Of these, 100 had iMN and 31 had secondary MN (sMN).
The circulating anti-PLA2R antibodies were analyzed
using a highly sensitive Western blot analysis. Analysis
was performed under non-reducing conditions with a
human glomerular extract at serum dilutions of 1:25, 1:10,
and 1 as the primary antibody.

Results Anti-PLA2R antibodies were detected in 53
(53 %) of 100 patients with iMN and 0 (0 %) of 31 patients
with sMN. The prevalence of anti-PLA2R antibodies was
higher in patients with nephrotic syndrome (61 %) than in
patients without nephrotic syndrome (43 %). The number
of patients with serum albumin <3.0 g/dL was significantly
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higher in those with anti-PLA2R antibodies (92 %) than
that in those without them (68 %).

Conclusions Anti-PLA2R antibodies were found in Jap-
anese patients with iMN; however, the prevalence was
lower than that of any other Asian country. This may
indicate that the presence of other pathogenic antigens
plays a significant role in Japanese patients with iMN.

Keywords Phospholipase A2 receptor - Antibody -
Membranous nephropathy - Prevalence - Japan - Western
blot

Introduction

Membranous nephropathy (MN) is a leading cause of
nephrotic syndrome in adults. It is classified as either idi-
opathic (iMN) or secondary (sMN) depending on its eti-
ology. Overall, 40 % of Japanese patients with nephrotic
syndrome and 33-50 % of patients with nephrotic syn-
drome in other countries either develop end-stage renal
disease within 20 years of onset. Mortality from MN is
high due to complications, such as infection, cardiovascu-
lar events, or malignancy [1-6]. The pathogenesis of iMN
was not understood until the landmark study by Beck et al.
in 2009, which demonstrated that the major target antigen
of autoantibodies in iMN is an M-type phospholipase A2
receptor (PLA2R) expressed on podocytes [7].

The anti-PLA2R antibody specifically and accurately
recognizes a 3-dimensional epitope supported by
intramolecular disulfide bonds in the PLA2R protein. N-
glycosylation of the PLA2R protein is not necessary for the
interaction between the anti-PLA2R antibody and the
PLA2R protein [7]. The major subclass of anti-PLA2R
antibody in serum samples from patients with iMN is
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