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University), Takashi Taguchi (Nagasaki University),
Hitoshi Yokoyama (Kanazawa Medical University), Hiro-
shi Sato (Tohoku University), Takao Saito (Fukuoka Uni-
versity), Yukimasa Kohda (Kumamoto University; present
address, Hikarinomori Clinic), Shinichi Nishi (Niigata
University; present address: Kobe University), Kazuhiko
Tsuruya and Yutaka Kiyohara (Kyushu University),
Hideyasu Kiyomoto (Kagawa University; present address:
Tohoku University), Hiroyuki Iida (Toyama Prefectural
Central Hospital), Tamaki Sasaki (Kawasaki Medical
School), Makoto Higuchi (Shinshu University), Motoshi
Hattori (Tokyo Women’s Medical University), Kazumasa
Oka (Osaka Kaisei Hospital; present address: Hyogo Pre-
fectural Nishinomiya Hospital), Shoji Kagami (The Uni-
versity of Tokushima Graduate School), Michio Nagata
(University of Tsukuba), Tetsuya Kawamura (Jikei Uni-
versity School of Medicine), Masataka Honda (Tokyo
Metropolitan  Children’s Medical Center), Yuichiro
Fukasawa (KKR Sapporo Medical Center;present address:
Sapporo City Hospital), Atsushi Fukatsu (Kyoto University
Graduate School of Medicine), Kunio Morozumi (Japanese
Red Cross Nagoya Daini Hospital), Norishige Yoshikawa
(Wakayama Medical University), Yukio Yuzawa (present
address: Fujita Health University), Seiichi Matsuo (Nagoya
University Graduate School of Medicine) and Kensuke Joh
(Chiba-East National Hospital; present address: Sendai
Shakai Hoken Hospital).

The following facilities and investigators participated in
the J-RBR and J-KDR project.

Hokkaido District

e Asahikawa Medical University Hospital (Division of
Cardiology, Nephrology, Pulmonology and Neurol-
ogy, Department of Internal Medicine), Naoyuki
Hasebe, Naoki Nakagawa, Junko Chinda.

e National Hospital Organization Hokkaido Medical
Center (Department of Nephrology), Tetsuya Kaw-
ata, Tsuyoshi Yamamura.

e Hokkaido University Graduate School of Medicine
(Department of Medicine II), Saori Nishio, Sekiya
Shibazaki, Yasunobu Ishikawa, Daigo Nakazawa.

e Hokkaido University Graduate School of Medicine
(Department of Pediatrics), Satoshi Sasaki, Yasuyuki
Sato, Takeshi Yamazaki, Takayuki Okamoto.

e KKR Sapporo Medical Center (Department of
Pathology), Akira Suzuki.

Tohoku District

o Iwate Prefectural Central Hospital (Department of
Nephrology), Jun Soma, Izaya Nakaya, Mayumi
Yahata.

e Fukushima Medical University School of Medicine
(Department of Nephrology, Hypertension, Diabetol-
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ogy, Endocrinology, and Metabolism), Tsuyoshi Wa-
tanabe, Koichi Asahi, Hiroaki Satoh.

Sendai Shakaihoken Hospital (Department of
Nephrology), Toshinobu Sato, Asako Fujimori, Hi-
sako Sugai, Mitsuhiro Sato.

Tohoku University Hospital and affiliated hospitals
(Department of Nephrology, Endocrinology, and
Hypertension), Mariko Miyazaki, Keisuke Nakay-
ama, Takashi Nakamichi.

Yamagata University School of Medicine (Department
of Cardiology, Pulmonology, and Nephrology), Tsuneo
Konta, Kazunobu Ichikawa, Ami Ikeda, Kazuko Suzuki.
Yamagata University School of Medicine (Depart-
ment of Pediatrics), Akira Matsunaga.

Kanto District

National Hospital Organization Chiba-East National
Hospital (Clinical Research Center), Hiroshi Kitam-
ura, Takashi Kenmochi, Motonobu Nishimura, Hide-
aki Kurayama, (Department of Urology), Koichi
Kamura.

Dokkyo Medical University Koshigaya Hospital
(Department of Nephrology), Tetsuro Takeda.
Dokkyo Medical University School of Medicine
(Department of Cardiology and Nephrology), Toshi-
hiko Ishimitsu.

Gunma University Graduate School of Medicine
(Department of Medicine and Clinical Science),
Yoshihisa Nojima, Keijyu Hiromura.

Jichi Medical University (Division of Nephrology),
Eiji Kusano.

The Jikei University School of Medicine (Division
of Kidney and Hypertension), Tatsuo Hosoya,
Tetsuya Kawamura, Yasunori Utsunomiya, Yoichi
Miyazaki.

The Jikei University School of Medicine, Katsushika
Medical Center (Division of Kidney and Hyperten-
sion), Masato Ikeda, Keita Hirano, Akihiro Shimizu.
The Jikei University School of Medicine, Daisan
Hospital (Division of Kidney and Hypertension),
Kazushige Hanaoka, Kentaro Koike, Haruko Suet-
sugu, Mai Tanaka.

The Jikei University Kashiwa Hospital (Division of
Kidney and Hypertension), Makoto Ogura, Akihiko
Hamaguchi, Yukio Maruyama, Seiji Kobayashi.
Juntendo University Faculty of Medicine (Division
of Nephrology, Department of Internal Medicine),
Yasuhiko Tomino, Isao Ohsawa, Chieko Hamada,
Satoshi Horikoshi.

Kawaguchi Municipal Medical Center (Division of
Nephrology), Takeo Ishii.

Kyorin University School of Medicine (Department
of Urology), Kikuo Nutahara.
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Mito Saiseikai General Hospital (Division of
Nephrology), Itaru Ebihara, Chihiro Satho.

Nippon Medical School (Division of Nephrology,
Department of Internal Medicine), Yasuhiko Iino,
Tomohiro Kaneko, Akiko Mii, Akio Hirama.

Nihon University School of Medicine (Division of
Nephrology, Hypertension and Endocrinology), Koi-
chi Matsumoto.

Saitama Medical University, Faculty of medicine
(Department of Nephrology), Hirokazu Okada, Hi-
romichi Suzuki, Tsutomu Inoue.

Saitama Medical University, Saitama Medical Center
(Department of Nephrology and Hypertension),
Tetsuya Mitarai, Juko Asakura, Sinpei Okazaki,
Hajime Hasegawa.

Showa University School of Medicine (Division of
Nephrology), Aki Kuroki.

Showa University Fujigaoka Hospital (Division of
Nephrology), Yoshihiko Inoue.

St. Marianna University School of Medicine (Division
of Nephrology and Hypertension, Department of Inter-
nal Medicine), Kenjiro Kimura, Takashi Yasuda, Sayuri
Shirai.

Tokai University School of Medicine (Division of
Nephrology, Endocrinology and Metabolism), Mas-
ayuki Endoh, Hisae Tanaka.

Teikyo University School of Medicine (Department
of Internal Medicine), Shunya Uchida.

Teikyo University School of Medicine (Department
of Urology), Shigeo Horie, Satoru Muto.

Tokyo Medical University Ibaraki Medical Center
(Department of Nephrology), Masaki Kobayashi,
Kouichi Hirayama, Homare Shimohata.

Tokyo Metropolitan Children’s Medical Center
(Department of Nephrology), Hiroshi Hataya.
Tokyo Women’s Medical University (Department of
Pediatric Nephrology), Motoshi Hattori, Kiyonobu
Ishizuka, Noriko Sugawara.

Tokyo Women’s Medical University (The Forth
Department of Medicine), Kosaku Nitta, Keiko
Uchida, Takahito Moriyama.

University of Tokyo Hospital (Department of He-
modialysis & Apheresis), Norio Hanafusa.
University of Tokyo (Department of Nephrology and
Endocrinology), Toshiro Fujita, Masaomi Nangaku,
Takehiko Wada.

University of Tsukuba, Faculty of Medicine,
(Department of Nephrology), Kunihiro Yamagata,
JoichiUsui, Tetsuya Kawamura.

Yokohama City University Graduate School of
Medicine and School of Medicine (Department of
Medical Science and Cardiorenal Medicine), Satoshi
Umemura, Masato Qosawa.
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Yokohama City University Medical Center, Nobuhito
Hirawa, Keisuke Yatsu, Yuichiro Yamamoto, Sanae
Saka.

Koushinetsu District

Niigata University Graduate School of Medical and
Dental Sciences (Division of Clinical Nephrology
and Rheumatology), Ichiei Narita, Shin Goto, Yumi
Ttoh, Naofumi Imai.

Shinshu University School of Medicine (Division of
Nephrology), Yuji Kamijo, Wataru Tsukada, Koji
Hashimoto.

University of Yamanashi Hospital (Third Depart-
ment of Internal Medicine), FumihikoFuruya, Daii-
chiro Akiyama, Kazuya Takahashi, Ayako Okamura.

Hokuriku District

Kanazawa Medical University School of Medicine
(Division of Nephrology), Hitoshi Yokoyama, Hiro-
shi Okuyama, Keiji Fujimoto, Junko Imura.
Kanazawa Medical University (Division of Diabetes
& Endocrinology), Daisuke Koya, Yuka Kurosima,
Miho Ohba.
Kanazawa University Hospital (Division of Nephrol-
ogy), Takashi Wada, Kiyoki Kitagawa, Kengo
Faruichi.
National Hospital Organization Kanazawa Medical
Center (Department of Nephrology and Rheumatol-
ogy), Mitsuhiro Yoshimura, Takuyuki Ise.
Katou Hospital, Yasuhiro Katou, Hiroyuki Yama-
uchi, Yasunori Iwata, Kazutoshi Yamada.
Moriyama Koshino Clinic, Yoshitaka Koshino.
Pubulic Central Hospital of Matto-Ishikawa, Kazuya
Takasawa, Chikako Takaeda.
Sugita Genpaku Memorial Obama Municipal Hospi-
tal, Haruyoshi Yoshida, Takayasu Horiguchi.
Toyama Prefectural Central Hospital (Department of
Internal Medicine), JunyaYamahana, Masahiko
Kawabata.
University of Fukui, Faculty of Medical Sciences
(Division of Nephrology, Department of General
Medicine), Masayuki Iwano, Hideki Kimura, Naoki
Takahashi, Kenji Kasuno.

University of Toyama (Second Department of
Internal Medicine), Fumihiro Tomoda.

Tokai District

Aichi Children’s Health and Medical Center (Depart-
ment of Pediatric Nephrology), Osamu Uemura,
Takuhito Nagai, Satoshi Yamakawa.

Aichi Medical University School of Medicine (Divi-
sion of Nephrology and Rheumatology), Naoto
Miura, Hirokazu Imai.
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Fujinomiya City General Hospital, Masanori Sakak-
ima, Kazuto Kitajima, Taichi Sato, Yutaro Kawakatsu.
Fujita Health University School of Medicine
(Department of Nephrology), Yukio Yuzawa, Sato-
shi Sugiyama.

Hamamatsu University School of Medicine, Univer-
sity Hospital (Internal Medicinel, Division of
Nephrology), Yoshihide Fujigaki, Masafumi Ono,
Takamasa Iwakura.

Japanese Red Cross Nagoya Daini Hospital (Kidney
Center), Kunio Morozumi, Asami Takeda, Yasuhiro
Otsuka.

Nagoya City University Graduate School of Medical
Sciences (Department of Cardio-Renal Medicine and
Hypertension), Genjiro Kimura, Michio Fukuda,
Toshiyuki Miura, Atsuhiro Yoshida.

Nagoya Kyoritsu Hospital (Department of Internal
Medicine), Hirotake Kasuga.

Nagoya University Graduate School of Medicine
(Department of Nephrology), Seiichi Matsuo, Shoi-
chi Maruyama, Waichi Sato, Yoshinari Yasuda.
Shizuoka General Hospital (Department of Nephrol-
ogy), Noriko Mori, Satoshi Tanaka.

Kinki District

Hyogo Prefectural Nisihinomiya Hospital (Depart-
ment of Pathology), Kazumasa Oka.

Ikeda City Hospital (Division of Nephrology), Nob-
uyuki Kajiwara.

Kitano Hospital, The Tazukekofukai Medical
Research Institute (Division of Nephrology and
Dialysis), Eri Muso, Kazuo Tosikoshi, Tomomi
Endo, Yukako Iwasaki.

Kobe University Graduate School of Medicine
(Division of Nephrology and Kidney Center), Shin-
ichi Nishi, Shunske Goto.

National Hospital Organization Kyoto Medical Cen-
ter (Division of Nephrology), Koichi Seta, Kensei
Yahata.

Kyoto Prefectural University School of Medicine
(Division of Nephrology, Department of Medicine),
Yasukiyo Mori, Keiichi Tamagaki.

Kyoto University Graduate School of Medicine
(Department of Nephrology), Motoko Yanagita,
Tatsuo Tsukamoto, Noriyuki Iehara, Takeshi
Matsubara.

Kyoto University Graduate School of Medicine
(Department of Medicine and Clinical Science),
Masashi Mukoyama, Hideki Yokoi, Tomoko Kaw-
anishi, Akira Ishii.

Mie University Graduate School of Medicine Hos-
pital (Department of Nephrology and Hemodialysis
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Center), Shinsuke Nomura,Mika Fujimoto, Eiji Is-
hikawa, Tomohiro Murata.

Nara Medical University (First Department of Inter-
nal Medicine),Yoshihiko Saito, Kenichi Samejima.
National Cerebral and Cardiovascular Center (Division
of Hypertension and Nephrology), Satoko Nakamura.
Osaka City University Graduate School of Medicine
(Department of Nephrology), Eiji Ishimura, Ikue
Kobayashi, Mitsuru Ichii, Yoshiteru Ohno.

Osaka City General Hospital (Division of Nephrol-
ogy and Hypertension), Masahito Imanishi, Takashi
Morikawa, Chizuko Kitabayashi, Yoshio Konishi.
Osaka General Medical Center (Department of
Kidney Disease and Hypertension),Yoshiharu Tsu-
bakihara, Tatsuya Shoji.

Osaka Medical Center and Research Institute for
Maternal and Child Health (Department of Pediatric
Nephrology and Metabolism), Kenichi Satomura.
Osaka Red Cross Hospital(Department of Nephrol-
ogy), Akira Sugawara, Masao Koshikawa, Yoshihisa
Ogawa, Tomoko Kawanishi.

Osaka University Graduate School of Medicine
(Department of Geriatric Medicine and Nephrology),
Yoshitaka Isaka, Yasuyuki Nagasawa, Ryohei
Yamamoto.

Saiseikai Shiga Hospital (Division of Nephrology),
Toshiki Nishio.

Shiga University of Medical Science (Department of
Medicine), Shinichi Araki.

Shirasagi Hospital (Kidney Center), Shigeichi Shoji,
Kenjiro Yamakawa, Senji Okuno.

Toyonaka Municipal Hospital (Division of Nephrol-
ogy), Megumu Fukunaga.

Wakayama Medical University (Department of
Pediatrics), Norishige Yoshikawa, Koichi Nakanishi,
Yuko Shima.

Wakayama Medical University (Division of
Nephrology, Department of Internal Medicine),
Takashi Shigematsu, Masaki Ohya.

Yokkaichi Social Insurance Hospital (Division of
Nephrology and Blood Purification), Yasuhide Mizu-
tani, Hitoshi Kodera, Masato Miyake.

Chugoku District

Kawasaki Medical School (Department of Nephrol-
ogy and Hypertension), Naoki Kashihara,Tamaki
Sasaki, Sohachi Fujimoto.

Kurashiki Central Hospital (Division of Nephrol-
ogy), Kenichiro Asano, Masaru Kinomura.
Hiroshima University Hospital (Department of
Nephrology), Takao Masaki, Sigehiro Doi, Yukio
Yokoyama, Ayumu Nakashima.
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Mizushima Kyodo Hospital (Department of Internal
Medicine), Nobuyoshi Sugiyama, Yuichirou Inaba,
Kan Yamasaki, Kouji Ozeki.

Okayama Saiseikai General Hospital (Department of
Nephrology), Makoto Hiramatsu, Keisuke Maruy-
ama, Noriya Momoki.

Okayama University Graduate School of Medicine,
Dentistry, and Pharmaceutical Sciences (Department
of Medicine and Clinical Science), Hiroshi Morina-
ga, Tatsuyuki Inoue, Keiichi Takiue.

Saiseikai Yamaguchi General Hospital (Department
of Internal Medicine), Tsuyoshi Imai.

Shimane University Faculty of Medicine (Division of
Nephrology), Takafumi Ito.

Tottori University Hospital (Division of Pediatrics
and Perinatology), Shinichi Okada, Yasuo Kawaba,
Koichi Kitamoto.

Shikoku District

Kagawa University, Faculty of Medicine (Department
of CardioRenal and Cerebrovascular Medicine and
Department of Clinical Pathology), Masakazu Kohno,
Kumiko Moriwaki, Taiga Hara, Yoshio Kushida.
Kochi University, Kochi Medical School (Depart-
ment of Endocrinology, Metabolism and Nephrol-
ogy), Yoshio Terada, Toru Kagawa, Taro Horino,
Yoshiko Shimamura.

The University of Tokushima Graduate School of
Medicine (Department of Pediatrics, Institute of
Health Bioscience), Shoji Kagami, Maki Urushihara,
Shuji Kondo.

The University of Tokushima,Graduate School of
Medicine (Department of Nephrology), Toshio Doi,
Hideharu Abe, Kojiro Nagai.

Kyushu District

Fukuoka University School of Medicine (Division of
Nephrology and Rheumatology, Departments of
Internal Medicine), Takao Saito, Yoshie Sasatomi,
Satoru Ogahara, Satoshi Hisano.

Japanese Red Cross Fukuoka Hospital (Department
of Pediatrics), Ken Hatae, Maiko Hinokiyama,
Hiroyo Maruyama.

Japanese Red Cross Fukuoka Hospital (Nephrology
and Dialysis Center), Hideki Hirakata, Koji Mitsuiki.
Kumamoto University Graduvate School of Medical
Sciences (Department of Nephrology), Kenichiro
Kitamura, Yushi Nakayama.

Jinseikai Clinic Hikarinomori, Yukimasa Kohda.
Kurume University School of Medicine (Division of
Nephrology, Department Medicine), Seiya Okuda,
Daisuke Wakasugi, Kiyomi Koike.
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Kyushu University Graduate School of Medical
Sciences (Department of Medicine and Clinical
Science), Kazuhiko Tsuruya, Shunsuke Yamada,
Akihiro Tsuchimoto.
Kyushu University Graduate School of Medical
Sciences (Department of Environmental Medicine),
Yutaka Kiyohara, Toshiharu Ninomiya, Masaharu
Nagata.
Miyazaki Prefectural Miyazaki Hospital (Division of
Nephrology), Naoko Yokota-lkeda, Shigehiro Uez-
ono, Keiko Kodama.

Nagasaki University Hospital (Department of
Pathology), Takashi Taguchi.
Nagasaki University Hospital (Second Department of
Internal Medicine), Tomoya Nishino, Hideyuki Arai,
Yoko Obata, Tadashi Uramatsu.
National Fukuoka Higashi Medical Center (Kidney
Unit), Ritsuko Katafuchi.
Oitaken Kouseiren Tsurumi Hospital (Division of
Nephrology), Ryokichi Yasumori.
Saga University, Faculty of Medicine (Department of
Cardiovascular and Renal Medicine), Toru Sanai.
St. Mary’s Hospital, Harumichi Higashi.
University of Miyazaki Hospital (First Department of
Internal Medicine), Shouichi Fujimoto, Yuji Sato,
Masao Kikuchi.
University of Occupational and Environmental
Health (Second Department of Internal Medicine),
Masahito Tamura,Tetsu Miyamoto.
Ryukyu University Graduate School of Medicine
(Department of Cardiology, Nephrology and Neurol-
ogy), Yusuke Ohya, Kentaro Kohagura, Kunitoshi Iseki.
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Abstract

Background The relationship between the urinary protein
excretion (UPE) initially achieved after steroid therapy and
the long-term renal outcome of IgA nephropathy (IgAN)
has not been clarified. We investigated the threshold UPE
at 1 year after steroid therapy which predicts a favorable
renal survival.

Methods We enrolled 141 IgAN patients who received
6 months of steroid therapy. The endpoint was defined as a
50 % increase in serum creatinine from baseline. The
spline model was used to define the threshold UPE pre-
dicting renal survival.

Results Thirteen patients (9.2 %) reached the endpoint at
a median follow-up of 3.8 years. When evaluating the
relative hazard ratio (HR) of the UPE at 1 year for the
endpoint, we found an inflection point at 0.40 g/day on the
spline curve. The multivariate Cox model revealed that, in
addition to the Disappeared category of UPE (range
<0.30 g/day), the Mild category (range 0.30-0.39 g/day)
was associated with more reduced risk of the endpoint [HR
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0.02, 95 % confidence intervals (CI) 0.00-0.29] relative to
the Severe category (range >1.00 g/day), whereas the
Moderate category (range 0.40-0.99 g/day) was not. The
estimated glomerular filtration rate <60 ml/min/1.73 m?
was also an independent predictor of the endpoint. When
renal survival was adjusted with pathological parameters in
the Cox model, UPE <0.40 g/day was still an independent
favorable predictor (HR 0.08, 95 % CI 0.01-0.45).
Conclusions In IgAN patients receiving 6 months of
steroid therapy, the achievement of proteinuria <0.4 g/day
at 1 year could be a therapeutic indicator for a favorable
renal outcome.

Keywords Corticosteroid therapy - Proteinuria -
Threshold - Clinical remission - Endocapillary
hypercellularity - Tonsillectomy

Introduction

IgA nephropathy (IgAN), a major component of chronic
glomerulonephritis, causes end-stage renal disease in up to
50 % of affected patients [1]. Although proteinuria has
been considered one of the most important predictors of
renal outcome [2-6], few studies have clarified what degree
of proteinuria at an early phase after initial treatment pre-
dicts renal survival. Donadio et al. [7] showed a lower
amount of proteinuria at 1 year after the introduction of
treatment to be associated with a better renal survival.
However, they did not define the proteinuria level pre-
dicting a favorable renal outcome.

Among the many clinical trials demonstrating the effi-
cacy of steroid therapy for IgAN [8-10], a randomized
controlled trial by Pozzi et al. [11, 12] clearly demonstrated
that 6 months of steroid therapy significantly reduced the
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risk of a 100 % increase in serum creatinine from the
baseline compared to conventional therapy during a 5- or
10-year follow-up. They demonstrated that the steroid
therapy induced the lowest level of proteinuria at 1 year of
follow-up.

We herein aimed to define the target level of proteinuria at
1 year after initiating steroid therapy to establish a prognostic
threshold for a favorable renal survival of IgAN patients.

Subjects and methods
Patients and study design

We collected the medical records from 169 patients with
IgAN who received 6 months of steroid therapy between
2004 and 2010 in four affiliated hospitals of Jikei Uni-
versity School of Medicine, employing a historical cohort
design. Four patients followed for <1 year after the intro-
duction of steroid therapy were excluded. Another 24
patients who were recruited into a prospective randomized
controlled trial were also excluded. Finally, the data
obtained from 141 patients were analyzed to elucidate the
renal outcome. The patients were followed up until April
2012 or the last day of serum creatinine measurement
before April 2012. The cohort study was conducted in
accordance with the Declaration of Helsinki, and approved
by the Medical Ethics Committee of Jikei University
School of Medicine.

Definitions

The endpoint was defined as a 50 % increase in serum
creatinine from baseline. Disappeared proteinuria or
hematuria was defined as a urinary protein excretion (UPE)
<0.3 g/day or having urinary sediment of red blood cells
(U-RBC) <5/high power field (hpf). Clinical remission was
defined as the disappearance of both proteinuria and
hematuria. The estimated glomerular filtration rate (eGFR)
was calculated by the Japanese eGFR equation based on
age, sex and serum creatinine [13]. Uncontrolled hyper-
tension was defined as arterial blood pressure (BP) >130/
80 mmHg [14]. Smoking status was defined according to a
report by Yamamoto et al. [15].

Treatment

The 6-month steroid therapy was previously reported by
Pozzi et al. [11, 12], and was modified for Japanese patients
as follows: the patients received 0.5 g of methylpredniso-
lone intravenously for three consecutive days at the
beginning of the steroid course and again 2 and 4 months
later; they were also given oral prednisolone at a dose of
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0.5 mg/kg every other day for 6 months. Some patients
received a tonsillectomy for chronic tonsillitis complicated
with IgAN just before the 6 months of steroid therapy. The
patients were administered angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers (RAAS inhibi-
tors) and antiplatelet agents as needed.

Histology

To examine the impact of pathological changes on renal
survival, renal biopsy data were obtained if a biopsy was
performed within 1 year before corticosteroid therapy. All
renal biopsy specimens were processed routinely for light
microscopy. Sections were stained with hematoxylin and
eosin and periodic acid-Schiff, together with silver
methenamine and Masson’s trichrome. Pathological vari-
ables were evaluated according to the Oxford classification
[16]. “Histological grade (HG)” recently reported from the
Special Study Group on Progressive Glomerular Disease in
Japan was also adopted in this study [17]. Briefly, four
histological grades, HG 1, HG 2, HG 3 and HG 4, were
established corresponding to <25, 25-49, 50-74 and
>75 % of glomeruli exhibiting cellular or fibrocellular
crescents, global sclerosis, segmental sclerosis or fibrous
crescents.

Statistical analyses

Normally distributed variables were expressed as the
mean £ standard deviation (SD) and compared using the
t test or one-way ANOVA. Nonparametric variables were
expressed as medians and interquartile ranges (IQRs) and
compared using the Mann—Whitney U test, Kruskal-Wallis
test, Spearman correlation or Friedman test. Categorical
variables were expressed in percentages and compared
using the chi-squared test.

To identify a threshold UPE at 1 year that predicts a
favorable outcome, we first specified the median UPE for
each decile. Second, using the highest decile as the referred
category, the relative hazard ratios (HRs) adjusted by the
baseline eGFR were plotted according to the specified
median values of each decile. Third, quadratic splines were
fitted to the relative HR with knots. The spline model is
considered to be a smooth function that is sensitive to
changes in the relationship between a predictor variable
and an outcome across the range of the predictor [18]. The
UPE was log-transformed for the spline analyses. The
result of the threshold analysis was additionally ascertained
by a receiver operating curve (ROC) analysis.

Renal survival was analyzed using the Kaplan—Meier
method. In addition, it was analyzed in multivariate Cox
regression models to explore the independent prognostic
value of predictors. The variables with p value <0.1 in the
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univariate analysis were selected as predictors for the
multivariate model. The start point of follow-up was 1 year
after steroid therapy in Cox-hazard models. Different rel-
evant multivariate models were tested, obeying the stan-
dard statistical rules. The results were expressed as HR
with 95 % confidence intervals (CI).

Values of p < 0.05 were considered to be statistically
significant. All statistical analyses were performed with
IBM SPSS Statistics ver. 19.0 software (Chicago, IL,
USA).

Results

Baseline characteristics and outcome

The clinical and pathological characteristics at baseline and
the outcomes are presented in Table 1. The median initial

proteinuria was 1.00 g/day, and the mean eGFR was
72.8 ml/min/1.73 m*. During a median follow-up of
3.8 years (IQR 2.5-5.3), 13 patients (9.2 %) reached the
endpoint. One hundred and eighteen patients (83.7 %),
who underwent a renal biopsy within 1 year before the
steroid therapy, had clinical backgrounds similar to the
overall patients.

Changes in proteinuria during follow-up, and clinical
remission rate at 1 year after steroid therapy

As shown in Fig. 1, the median values for UPE were sig-
nificantly decreased at 6 months, 1 year and the last fol-
low-up. The lowest level of UPE was seen at 1 year, with a
78.2 % (IQR 50.0-88.5 %) reduction of the UPE from
baseline. At the 1 year follow-up, 49 patients (34.8 %) had
reached clinical remission.

Table 1 Baseline
characteristics and outcomes of
the 141 patients analyzed in the
study

Variables

Patients who received
RBx within 1 year
before treatment

Overall (N = 141)

NV =118)
Baseline features
Age (years) 34 (26-43) 35 (27-43)
Female 72 (51.1) 58 (49.1)
Current smokers 34 (24.1) 27 (22.9)
BP >130/80 mmHg 43 (30.5) 40 (33.9)

UPE (g/day)

1.00 (0.65-1.70) 0.94 (0.63-1.67)

U-RBC
>30/hpf 77 (54.6) 66 (55.9)
5-29/hpf 58 (41.1) 46 (39.0)
<5/hpf 6 (4.3) 6 (5.1)
eGFR (ml/min/1.73 m?) 72.8 &+ 28.0 71.6 £ 28.7
eGFR <60 ml/min/1.73 m? 51 (36.2) 45 (38.1)
Values are presented as Concurrent treatments
numbers (%), medians (IQR) or .
[mean - S]; Ton81llf?ctomy 68 (48.2) 48 (40.7)
RBx renal biopsy, BP blood RAAS inhibitors 62 (44.0) 52 (44.1)
pressure, UPE urinary protein Oxford classification
excretion, U-RBC urinary M1 - 38 (32.2)
sediments of red blood cells, _
eGFR estimated glomerular El 74 (62.7)
filtration rate, RAAS renin— S1 - 96 (81.4)
angiotensin—aldosterone system, TO/T1/T2 - 93/20/5 (78.8/16.9/4.2)
M mesangial hypercellularity, Ext, present _ 108 (91.5)
E endocapillary HG?
hypercellularity, S segmental
sclerosis, T tubulointerstitial HG1/HG2/HG3 + 4 - 32/56/30 (27.1/47.5/25.4)
atrophy/fibrosis, Ext Follow-up
extracapillary lesion, HG Period (years) 3.8 (2.5-5.3) 3.8 (23-53)
histological grade
N . Outcome 13(9.2) 10 (8.5)
According to Ref. [17]
@ Springer
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Fig. 1 Changes in proteinuria at baseline, 6 months, 1 year and at the
last follow-up. The lines in the middle and those delimiting the boxes
indicate the median, 25th and 75th percentile values, respectively.
The whiskers at the ends of the boxes are lines that show the distance
from the end of the box to the largest and smallest observed values
that are <1.5 box-length from either end. Dots indicate outliers

1.4
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Fig. 2 Risk ratio for the endpoint associated with the UPE at the
1-year follow-up. Plots of the risk ratios and 95 % confidence
intervals adjusted for the baseline eGFR for the endpoint using the
level of proteinuria at the 1l-year follow-up examination as the
continuous variable are shown (reference: the highest decile, the
median of which was 1.44 g/day). The degree of proteinuria was log
transformed

Threshold proteinuria after steroid therapy predicting
the renal outcome

We further explored what degree of UPE at 1 year after
steroid therapy was associated with renal survival. The
spline model of UPE at 1 year was used to predict the
relative HR of the endpoint (Fig. 2). The spline curve
showed that the relative HRs were equivalent in the range
of UPE under 0.4 g/day, but increased as the UPE
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increased beyond this value, indicating an inflection at
approximately 0.40 g/day. Furthermore, the ROC of UPE
at 1 year indicated that the optimal cutoff for predicting an
unfavorable outcome was 0.40 g/day; the area under the
curve and p value were 0.78 and <0.001, respectively.

Categorization of UPE at 1 year after steroid therapy

“Disappeared proteinuria” was previously defined as UPE
<0.3 g/day [19] and UPE >1.0 g/day was generally asso-
ciated with following deterioration of renal function [4-6].
Based on the results from our threshold analysis (0.4 g/
day) and the above two values, we divided the UPE at
1 year of follow-up into four categories; Disappeared
category (<0.30 g/day), Mild category (0.30-0.39 g/day),
Moderate category (0.40-0.99 g/day) and Severe category
(>1.00 g/day). The clinical parameters were not signifi-
cantly different among the four categories, except for the
baseline proteinuria (Table 2).

Renal survival according to the UPE category at 1 year
by Kaplan—Meier analysis and multivariate Cox model

The results of the univariate time-dependent analyses by
the Kaplan—-Meier method are shown in Fig. 3. Patients in
the Disappeared and Mildcategories showed significantly
better renal survival compared to the Moderate or Severe
categories (log-rank, p < 0.05 for both strata), whereas
there was no such difference between the Moderate and
Severe categories (log-rank, p > 0.2).

The clinical predictors for the endpoint in the Cox-—
hazard model are presented in Table 3. Relative to the
Severe category in the multivariate model, the Disappeared
and Mild categories were favorable predictors, with risk
reduction of approximately 90 and 70 %, respectively,
whereas the Moderate category was not associated with
renal survival. In contrast, eGFR <60 ml/min/1.73 m® at
baseline was an unfavorable predictor. Clinical remission,
as well as a U-RBC <5/hpf at 1 year after steroid therapy,
was not associated with renal survival in the univariate
model.

Significance of UPE <0.4 g/day as a predictor
when the renal survival was adjusted for pathological
parameters

The predictive value of UPE <0.4 g/day at 1 year for the
outcome when adjusted for pathological parameters in the
Oxford classification and “HG” from Japan was examined
by the univariate and multivariate models and the data are
summarized in Table 4. The univariate analysis revealed
that the existence of endocapillary hypercellularity (E1)
was significantly associated with a preferable renal survival



Clin Exp Nephrol

Table 2 Baseline characteristics according to the category of proteinuria at 1 year of follow-up

Variables Category of UPE at 1 year of follow-up (g/day) p value
Disappeared (<0.3) Mild (0.30-0.39) Moderate (0.40-0.99) Severe (>1.00)

Number of patients 80 23 22 16

Age (years) 35 (26-44) 30 (25-42) 32 (26-36) 35 (26-42) >0.2
Female 39 (48.8) 11 (47.8) 12 (54.5) 9 (56.3) >0.2
Current smokers 18 (22.5) 5(21.7) 6 (27.3) 5313 >0.2
BP >130/80 mmHg 25 (31.3) 9 (39.1) 5227 4 (25.0) >0.2
UPE (g/day) 0.82 (0.57-1.28) 0.80 (0.64-2.17) 1.58 (0.97-2.28) 1.90 (1.25-2.80) <0.001*
U-RBC >30/hpf 48 (60.0) 12 (52.2) 8 (36.4) 9 (56.3) >0.2
eGFR (ml/min/1.73 m?) 75.1 £27.1 73.7 £ 29.1 68.2 £ 29.5 66.3 £ 29.1 >0.2
eGFR <60 25 (31.3) 10 (43.5) 10 (45.5) 6 (37.5) >0.2
Tonsillectomy 40 (50.0) 10 (43.5) 12 (54.5) 6 (37.5) >0.2
RAAS inhibitors 35 (43.8) 9 (39.1) 11 (50.0) 7 (43.8) >0.2

Values are presented as numbers (%), medians (IQR) or mean =4 SD

BP blood pressure, UPE urinary protein excretion, U-RBC urinary sediments of red blood cells, eGFR estimated glomerular filtration rate.

¥p <005
Fig. 3 Renal survival 1.0 )
determined by the Kaplan— g Disappeared
Meier method, stratified by the | e [ = Mild
category of UPE at 1 year after i
6 months of steroid therapy. 0.8 1 fmrary
These unadjusted curves ©
demonstrate that, in addition to 2
: S Moderate
the Disappeared category, the 2 06
Mild category showed @ Severe
significantly better renal S
survival compared to that in the -
Moderate or Severe categories 8 0.4 4
(log-rank, p < 0.05 for both ®
strata) o
0.2 4
Log-rank, p<0.05
00 ¥ ¥ T T T
0 1 2 3 4 5 Follow-up, years
Patients at risk Total of events
Disappeared 80 80 74 52 39 21 2/80( 2.5%)
Mild 23 23 21 20 16 10 1/23( 4.3%)
Moderate 22 22 18 12 4 4/22 (18.2%)
Severe 16 16 13 9 4 6/16 (37.5%)

relative to the absence of endocapillary hypercellularity
(E0). T1 or T2 tubular atrophy/interstitial fibrosis was
significantly associated with impaired renal survival rela-
tive to TO. In addition, HG 2 was significantly associated
with favorable renal outcome relative to HG 3 plus HG 4.
Although HG 1 was not significantly associated with
favorable outcome, no event was observed in 32 patients of
HG 1.

The multivariate model A and model B in Table 4
examined the predictive power of UPE <0.4 g/day at
1 year for renal survival after adjusting for pathological
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predictors in the Oxford classification and HG, respec-
tively. A UPE <0.4 g/day at 1 year was selected as an
independent predictor in both model A and model B.

Adverse effects

Serious adverse events were not observed during the study
period. Although three patients developed type 2 diabetes
during the 6 months of treatment, they showed normal
levels of glycosylated HbA1 at 1 year with diet therapy
alone. Seven patients developed infections during the

@ Springer
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Table 3 Clinical predictors for a 50 % increase in serum creatinine from the baseline level in the Cox—hazard model

Predictors Univariate model Multivariate model®
HR (95 % CI) p value HR (95 % CI) p value
At 1 year
Category of proteinuriab
Disappeared® 0.07 (0.01-0.33) 0.001* 0.06 (0.01-0.57) 0.014*
Mild® 0.10 (0.12-0.80) 0.030% 0.02 (0.00-0.29) 0.003*
Moderate® 0.55 (0.16-1.98) >0.2 0.24 (0.04-1.25) 0.089
U-RBC <5/hpf* 2.59 (0.71-9.42) 0.148 - -
Clinical remission® 0.35 (0.08-1.57) 0.170 - -
At baseline
Age (years) 1.04 (0.99-1.08) 0.092 1.00 (0.94-1.06) >0.2
Female® 1.06 (0.36-3.16) >0.2 - -
Current smoking® 3.96 (1.33-11.8) 0.013% 1.27 (0.28-5.58) >0.2
BP >130/80 mmHg" 1.31 (0.36-4.79) >0.2 - -
UPE (g/day) 2.09 (1.43-3.07) <0.001* - -
U-RBC >30/hpf* 0.22 (0.06-0.79) 0.021* 0.34 (0.06-1.99) >0.2
eGFR <60 ml/min/1.73 m* ¢ 11.5 (2.55-52.3) 0.002* 24.3 (2.72-217) 0.004*
Concurrent treatment
Tonsillectomy 0.37 (0.11-1.21) 0.099 1.23 (0.27-5.55) >0.2
RAAS inhibitors® 2.06 (0.67-6.29) >0.2 - -

HR hazard ratio, CI confidence interval, UPE urinary protein excretion, U-RBC urinary sediments of red blood cells, NE not enrolled in the
multivariate model, eGFR estimated glomerular filtration rate, RAAS renin—angiotensin—aldosterone system
& If the p value of the variable was <0.1 in the univariate model, the predictor was selected for the multivariate model

® The category is shown in Table 2

¢ Reference = Severe category
9 Yes versus no
As it was related to category of UPE at 1 year (see Table 2), it was not enrolled in the multivariate model

* p <005

Table 4 Pathological predictors and UPE <0.4 g/day at 1 year for a 50 % increase in the serum creatinine level from baseline in the Cox model

Predictors Univariate model Multivariate model A Multivariate model B
HR (95 % CI) p value HR (95 % CI) p value HR (95 % CI) p value

Oxford classification

M1 versus MO 0.93 (0.24-3.61) >0.2 - - - -

E1 versus EO 0.23 (0.06-0.89) 0.033% 0.44 (0.10-1.91) >0.2 - -

S1 versus SO 2.03 (0.26-16.0) >0.2 - - - . -

T1 versus TO 6.97 (1.66-29.2) 0.008" 4.35 (1.02-18.5) 0.047% - -

T2 versus TO 12.8 (2.12-77.1) 0.005% 19.1 (2.55-144) 0.004* - -

Ext, present versus absent 0.44 (0.09-2.06) >0.2 - - - -
HG

HGI1 versus HG3 + 4 0.00 (0.00-100<) >0.2 - - 0.00 (0.00-100<) >0.2

HG2 versus HG3 + 4 0.24 (0.06-0.92) 0.038"* - - 0.36 (0.08-1.51) 0.161
UPE at 1 year <0.4 g/day® 0.10 (0.03-0.36) <0.001* 0.08 (0.01-0.45) 0.004* 0.06 (0.01-0.29) 0.001%

HR hazard ratio, CI confidence interval, M mesangial hypercellularity, E endocapillary hypercellularity, S segmental sclerosis, T tubulointerstitial
atrophy/fibrosis, Ext extracapillary lesion, HG histological grade, UPE urinary protein excretion volume

* p <005
* Yes versus no
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steroid therapy: five bacterial infections (tonsillitis, phar-
yngitis) and two viral infections (influenza). Two females
became pregnant during the follow-up and maintained a
stable renal function.

Discussion

The goal of this study was to identify the level of pro-
teinuria after steroid therapy associated with a favorable
renal outcome in IgAN patients. Previous studies by Reich
et al. [4], Hwang et al. [5], or Le et al. [6] have demon-
strated that the average level of proteinuria during the
whole period of follow-up (A-P) was significantly associ-
ated with the renal outcome, providing a targeted protein-
uria during long-term follow-up. In contrast, we identified
a therapeutic indicator of a favorable renal outcome as an
early response to the steroid therapy, which might be more
practical than A-P, whereas it was not analyzed in the
previous studies. We adopted 1 year as the time to assess
the attenuated proteinuria, since another Cox model in
our cohort revealed that the values for proteinuria at
1 year were significantly associated with the outcome,
whereas those at baseline or 6 months were not (data not
shown).

In this study, the spline model revealed that the
threshold UPE predicting the outcome was approximately
0.4 g/day. In addition, a multivariate Cox model including
the categorized UPE at 1 year revealed that not only the
Disappeared category but also the Mild category were
significantly associated with favorable renal survival rela-
tive to the Severe category. Therefore, attenuated protein-
uria <0.4 g/day at 1 year after treatment can lead to a
favorable outcome, as well as the disappearance of pro-
teinuria. The predictive power of UPE <0.4 g/day at 1 year
for renal survival was confirmed even after adjusting for
pathological predictors determined by the multivariate
model (Table 4).

Concerning the impact of clinical remission at an early
phase on the renal outcome, Tatematsu et al. [20] showed
that clinical remission within 2 years after 6 months of
steroid therapy was associated with limiting the eGFR
decline. In contrast, clinical remission at 1 year was not
significantly associated with the endpoint in our univariate
Cox model (Table 3). Although the reasons for the dis-
crepancy between the two studies are unknown, there
might be several factors responsible. For example, the
timing for assessment of clinical remission was different:
during the first 2 years in Tatematsu’s study and at 1 year
after the intervention in our study. Furthermore, the fact
that the incidence of the endpoint in our patients achieving
clinical remission at 1 year after the therapy was not sig-
nificantly different from that in those without clinical
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remission (4.1 vs. 12.0 %, respectively, p > 0.2) may have
affected the results shown in Table 3.

Our retrospective study has several limitations. First, we
did not include control patients who were followed by
supportive therapy alone. Second, the study population and
statistical power were small, and the observation period
was relatively short to evaluate the outcome in IgAN,
leading to the small number of outcomes. Since a limited
number of outcomes would generally restrict the number of
explanatory variables in multivariate models, we addi-
tionally tested the Cox—hazard model for the outcome with
two explanatory variables: UPE at 1 year <0.4 g/day and
propensity score. The propensity model for UPE at 1 year
<0.4 g/day was constructed with the baseline characteris-
tics or pathological parameters. After adjusting the pro-
pensity score, we also found the predictive power of UPE
at 1 year <0.4 g/day for the outcome (data not shown),
suggesting the consistency of the significance of UPE at
1 year <0.4 g/day. Nevertheless, the value of UPE at 1 year
<0.4 g/day as a favorable predictor should be ascertained
in other studies with longer observation periods and a
larger number of outcomes. Third, the role of recurrent
proteinuria after 1 year on the progression of IgAN should
be examined, since clinical remission was not associated
with the endpoint in this study.

In conclusion, the achievement of proteinuria <0.4 g/
day at 1 year after 6 months of steroid therapy is an opti-
mal goal for achieving a subsequent favorable renal sur-
vival, independent of the baseline renal function or renal
pathological changes. Further investigations of the impact
of recurrence during follow-up on the endpoint are now in
progress.
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Abstract

Background This study was conducted to standardize
treatment and determine patient and renal outcome in
Japanese anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis/rapidly progressive glomerulonephri-
tis (AAV/RPGN) patients, because the prognosis of AAV/
RPGN patients in Japan had been poor compared with that
of other countries.

Methods The participants in this retrospective cohort
study were 824 ANCA-positive RPGN patients, 705 of
whom were only myeloperoxidase (MPO)-ANCA positive.
Results Among the early-years cohort (group A; cases
diagnosed between 1988 and 1998), patients frequently
died due to opportunistic infection. Therefore, we recom-
mended a reduced dose of prednisolone (oral prednisolone
dose <0.8 mg/kg/day) with or without cyclophosphamide
for initial treatment of Japanese RPGN patients. After this
recommendation, 1-year survival of the patients improved:
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75% in group A, 79% in group B (between 1999 and
2002), and 81% in group C (after 2003). During the entire
observation period, average serum creatinine level at the
start of treatment decreased, and improvement of 1-year
renal survival was also found (72% in group A, 83% in
group B, and 83% in group C), while the recurrence rate
was significantly increased in group C (0.05/patient-year in
group A, 0.07/patient-year in group B, and 0.13/patient-
year in group C).

Conclusions Oral prednisolone dose <0.8 mg/kg/day
with or without cyclophosphamide as an initial treatment
could improve patient survival in older Japanese AAV/
RPGN patients. However, maintenance treatment avoiding
relapse should be established to improve renal outcomes.

Keywords Anti-neutrophil cytoplasmic auto-antibody
(ANCA) - Immunosuppression - Prognosis changes -
Rapidly progressive glomerulonephritis (RPGN) -
Vasculitis

Introduction

Recently, the wider availability of anti-neutrophil cyto-
plasmic auto-antibody (ANCA) assays, improved recogni-
tion of ANCA-associated vasculitis (AAV), and evidence-
based treatment for AAV have resulted in longer life
expectancy and avoidance of renal replacement therapy
(RRT) in patients with AAV. ANCAs have been detected
in patients with pauci-immune crescentic glomerulone-
phritis, microscopic polyangitis (MPA), granulomatosis
with polyangitis (Wegener’s) (GPA), and other systemic
vasculitis syndromes [1, 2]. There are two major subclasses
of ANCA: perinuclear (p-)ANCA and cytoplasmic (c-)ANCA
[1]. The main epitope of p-ANCA is myeloperoxidase
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(MPO), and that of c-ANCA is proteinase-3 (PR3) [2].
MPO-ANCA is regarded as a useful serum marker
for MPA and idiopathic pauci-immune crescentic glomer-
ulonephritis (renal limited form of MPA), and PR3-ANCA
is regarded as a serum marker for GPA and MPA [2, 3].
Furthermore, enzyme-linked immunosorbent assay
(ELISA)-based serum examination for MPO-ANCA, PR3-
ANCA, and anti-glomerular basement membrane (a-GBM)
antibody titer tests were available in clinical settings.
Several reports have suggested that, compared with PR3-
ANCA-positive patients, MPO-ANCA-positive patients
were older and showed predominantly chronic sclerotic
lesions on histologic analysis [4, 5].

To improve the outcome of rapidly progressive glo-
merulonephritis (RPGN) patients in Japan, we conducted a
nationwide survey of RPGN including AAV from 1998, by
sending a questionnaire to 351 nephrology departments.
From this survey, we concluded that 64.7% of Japanese
RPGN patients had ANCAs, and among ANCA-positive
patients, approximately 90% had MPO-ANCA [6].

In this study, we report the changes in treatment and
outcome of Japanese AAV/RPGN patients during the last
20 years. Furthermore, we discuss the differences in clin-
ical characteristics of ANCA subgroups in our AAV/RPGN
patients.

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
sending a questionnaire annually by post to 351 nephrology
departments of tertiary hospitals in Japan. This study was
approved by the medical ethics committee at the Graduate
School of Comprehensive Human Sciences, University of
Tsukuba, in accordance with the guidelines for epidemio-
logical research by the Ministry of Health, Labor, and
Welfare of Japan. The definition of RPGN was based on
clinical findings of rapidly progressing renal failure over
several weeks to a few months, accompanied by the fol-
lowing nephritic urinary abnormalities: hematuria (mostly
microscopic hematuria, but occasionally gross hematuria),
proteinuria, and red blood cell cast or granular cast in urine
sediment. In total, 171 nephrology departments responded
and presented 1772 RPGN cases for this study. During the
study period, the Japanese government decided that the
PR3-ANCA test was covered by medical insurance in
1993, the MPO-ANCA test in 1998, and the a-GBM anti-
body test in 1999 for diagnosis of RPGN and vasculitis.
Among the RPGN patients, although 1203 patients (67.9%)
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had ANCA [6], 824 patients received all three serological
tests and presented outcome data. To analyze the effect of
ANCA subclasses on patient outcomes, we selected these
824 patients for further analysis.

We evaluated AAV cases by stratifying patients into
three periods depending on the year of diagnosis of AAV
as previously described. Briefly, patients who were diag-
nosed between 1989 and 1998 were classified as group A,
and data were collected retrospectively. Patients diagnosed
between 1999 and 2001 were classified as group B, when
we had started the analysis of Japanese cases of RPGN and
part of the results had been announced in Japan during this
period. Patients diagnosed between 2002 and 2007, after
we had published the Japanese guideline for RPGN in 2002
[6, 7], were classified as group C.

Clinical evaluation and treatment methods

Baseline characteristics including age, sex, comorbid con-
ditions, features of prodromal illness, and clinical, bio-
chemical, serological, and urinary features at presentation
were obtained from clinical records. Follow-up clinical
data including serum creatinine level, ANCA subclasses,
C-reactive protein (CRP), recurrence and survival out-
come, dialysis dependence (after 1, 2, 3, 6, 12, and
24 months), start date of dialysis therapy, final follow-up
date, and cause of death were also recorded. Relapse was
defined as an increase in creatinine concentration with
nephritic sediment and other signs or symptoms of vascu-
litis. The initial dose of oral prednisolone, the duration of
the initial dose, and immunosuppressive treatment were
also recorded.

Statistical analysis

Unpaired Student’s ¢ test was used, after a symmetrical
distribution was confirmed, to determine differences in the
continuous variables between groups. Otherwise, the
Mann—Whitney U test was used. 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. Prognostic factors were determined
by the chi-square test, and then hazard ratios of patient
outcome were estimated by the Cox regression model after
confirming the proportionality in each model. To evaluate
prognostic factors among the subjects at the start of treat-
ment, we selected age, renal function (serum creatinine,
urinary volume), glomerular damage (hematuria, protein-
uria, cast formation), general status (serum albumin, serum
total protein, hemoglobin), systemic inflammation (CRP,
erythrocyte sedimentation rate, white blood cell count), and
extrarenal complications (blood pressure, presence of lung
involvement). Lung involvement indicates the existence of
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chest X-ray abnormality, interstitial pneumonitis, or lung
bleeding. We used two sets of models for analysis. The first
set included age, gender, serum creatinine level at start of
treatment, CRP, presence of lung involvement, and ANCA
subclass. For the second set, we added initial dosage of
prednisolone and cyclophosphamide usage in addition to
the above variables. A p value <0.05 was considered sig-
nificant. Parts of the statistical analyses were performed
using SPSS software 17.0.

Results
Differences among ANCA subclasses

The study participants were 824 ANCA-positive patients,
and 94.6% of the subjects had MPO-ANCA. During the
last 20 years, 705 AAV patients were only MPO-ANCA
positive, 34 patients were only PR3-ANCA positive, 37
patients were both MPO- and PR3-ANCA positive, 44
patients had both MPO-ANCA and a-GBM antibody, and
four patients had both PR3-ANCA and a-GBM antibody.
Table 1 presents the number of patients, their age, and the

Table 1 Patient profile and ANCA type

ANCA type n Mean age (years)™” Male®®® (%)
MPO-ANCA only 705 64.4 42.6
PR3-ANCA only 34 53.6 70.6
Both ANCA 37 61.5 54.1
ANCA + a-GBM 48 65.3 29.2

 Statistically significant between MPO-ANCA only and PR3-ANCA
only

® Statistically significant between PR3-ANCA only and ANCA +
a-GBM

© Statistically significant between both-ANCA only and ANCA +
a-GBM

Table 2 Patient profile by treatment period

male-to-female ratio. Patients with only PR3-ANCA were
significantly younger than those with only MPO-ANCA,
and both ANCAs and a-GBM. Patients with PR3-ANCA
only were predominantly male; however, patients with both
ANCAs and a-GBM were predominantly female.

Patients with PR3-ANCA had significantly more affec-
ted organs than both patients with MPO-ANCA and
patients with both ANCAs. In particular, 65.7% of PR3-
ANCA patients had ear, nose, and throat lesions, 34.3%
had gut lesions, and 34.3% had skin lesions, and these
involvement rates were significantly higher than in patients
with MPO-ANCA. Serum creatinine levels at presentation
were significantly higher in patients with both ANCAs and
a-GBM antibody than for other patients (MPO-ANCA only
4.67 £ 2.84 mg/dl, PR3-ANCA only 4.51 £ 2.74 mg/dl,
both ANCAs 5.08 £ 2.96 mg/dl, both ANCAs and a-GBM
antibody 6.96 + 4.08 mg/dl). CRP concentration at
presentation was significantly higher in patients with
PR3-ANCA only than in those with MPO-ANCA only
(MPO-ANCA only 6.30 £ 6.56 mg/dl, PR3-ANCA only
9.11 £ 7.69 mg/dl, both ANCAs 6.65 =+ 8.70 mg/dl, both
ANCAs and a-GBM antibody 8.30 £ 8.52 mg/dl). Cres-
cent formation rate was calculated from renal biopsy
samples; patients with both ANCA and a-GBM antibody
had a significantly higher crescent formation rate than
patients with other types of AAV (MPO-ANCA only
57.9 &+ 32.6%, PR3-ANCA only 54.4 4 29.8%, both
ANCAs 57.7 £ 28.7%, both ANCAs and a-GBM antibody
77.6 &+ 22.3%).

Among the patients who were diagnosed from 1989 to
1998 (group A), from 1999 to 2002 (group B), or after
2003 (group C), ANCA subclass patterns and the propor-
tion of patients with lung involvement were similar. The
average age of the patients in both groups B and C was
significantly higher than that of group A patients, and the
serum creatinine level of group C patients was significantly
lower than that of group A patients (Table 2).

n ANCA subclass Mean age Lung Mean serum Recurrence (n)/  Initial prednisolone Cyclophosphamide
MPO:PR3:both:4+-a- (years)*”  involvement creatinine (ng/  patient (yea)™  dose (mg/kg/day)™  usage (%)
GBM (%) dn#

Group A

347 284:15:27:21 60.56 50.70 5.11 0.05 0.85 41.69
Group B

136 116:5:6:9 65.01 55.00 452 0.07 0.79 45.16
Group C

341 305:14:4:18 66.88 58.80 4.19 0.13 0.71 33.67

* p < 0.05 between groups A and B
# p < 0.05 between groups A and C
* p < 0.05 between groups B and C
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Renal and patient survival

Cumulative patient survival rate and renal survival rate by
Kaplan-Meier analysis are shown in Fig. 1. The median
follow-up duration was 19.1 months (range 0-211.8
months). Cumulative patient survival rate at 12 months was
79.1%, and cumulative renal survival at 12 months was
78.4%. We further analyzed both patient survival rate and
renal survival rate separated by treatment period by Kaplan—
Meier analysis (Fig. 2). The median follow-up durations
were 42.9, 33.2, and 10.3 months in groups A, B, and C,
respectively. Patient survival rate in group C was signifi-
cantly improved compared with that in group A (6-month
cumulative patient survival rate: group A 77.5%, group B
81.0%, group C 85.1%; 12-month cumulative patient sur-
vival rate: group A 75.0%, group B 79.3%, group C 81.3%;
p < 0.05). Cumulative renal survival rates in groups B and C
were significantly higher than that in group A (6-month renal
survival rate: group A 73.3%, group B 84.3%, group C
83.9%; 12-month renal survival rate: group A 71.7%,
group B 83.3%, group C 82.8%; p < 0.05). Patient survival
rate was slightly improved in group B compared with
group C; however, renal survival was slightly exacerbated.
Furthermore, the recurrence rates were 0.05, 0.07, and 0.13/
patient-year in groups A, B, and C, respectively (Table 3).

Table 4 presents multivariate analysis for patient sur-
vival and renal survival. Age, lung involvement (as inter-
stitial pneumonitis or lung bleeding), renal function, and
CRP level were predictors of mortality in AAV patients.
ANCA subclass did not affect patient survival. Serum
creatinine level at presentation was the best predictor of
renal survival; in addition, age between 60 and 69 years,
and a-GBM antibody positivity among AAV patients were
predictors of reduced renal survival.
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Fig. 1 Cumulative patient survival and renal survival by Kaplan—
Meier analysis. a Patient survival: 6-month, 12-month, and 5-year
cumulative patient survival rates were 81.8%, 79.1%, and 63.6%,

Treatment methods and outcome changes

As shown in Table 4, renal function was the best pre-
dictor of renal survival; we compared renal outcome
according to renal function at the start of treatment.
Renal outcome in patients with serum creatinine levels
<3 mg/dl showed a significant improvement in groups B
and C, compared with group A. However, renal outcome
in patients with serum creatinine levels of 3—-6 mg/dl was
similar during the entire study period. Patients with
serum creatinine levels >6 mg/dl showed a tendency
toward poor renal outcome in group C compared with
group B (Fig. 3). Figure 4 shows the initial prednisolone
dosage and cyclophosphamide usage according to both
renal function and treatment period. In patients with
serum creatinine levels <3 mg/dl, the initial predniso-
lone dosage in both groups B and C was significantly
lower than that in group A. In patients with serum cre-
atinine levels of 3-6 mg/dl, the initial prednisolone
dosage in group C was significantly lower than that
in group A. In patients with serum creatinine levels

>6 mg/dl, the initial prednisolone dosage in group C
was significantly lower than that in either group-A or B.
The proportion of initial cyclophosphamide usage was
similar among groups A, B, and C in patients with serum
creatinine levels <3 and >6 mg/dl. The proportion of
initial cyclophosphamide usage in group C was signifi-
cantly lower than that in group A in patients with serum
creatinine levels of 3-6 mg/dl.

As shown in Table 2, the initial prednisolone dosage
was significantly reduced recently (group C). We further
analyzed the initial dosage of prednisolone and the pro-
portion of cyclophosphamide usage, in addition to the

above variables, by forward selection methods of
(®) -
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2
g
v 0‘6 ot
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respectively. b Renal survival: the 6-month, 12-month, and 5-year

cumulative renal survival rates were 79.7%, 78.4%, and 62.0%,
respectively
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Fig. 2 Patient survival and renal survival by treatment period.
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Table 3 Multivariate Cox proportional regression analysis on predictor of death and ESRD
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B and C was significantly higher than that in group A. Comparing
group B with group C, patient survival rate was slightly improved;
however, there was no improvement in renal survival

Factors Death ESRD
HR (95% CI) P HR (95% CI) p
Age (ref. <59 years)
60-69 years 2.20 (1.54-3.16) 0.000 1.38 (0.99-1.92) 0.056
>70 years 3.32 (2.35-4.68) 0.000 1.20 (0.85-1.68) 0.301
Sex (ref. male) 1.14 (0.91-1.42) 0.265 0.92 (0.71-1.19) 0.536
Lung involvement (ref. negative) 1.94 (1.51-2.48) 0.000 0.83 (0.63-1.10) 0.199
Number of affected organs 0.98 (0.90-1.07) 0.621 0.98 (0.89-1.08) 0.725
Serum creatinine (ref. <3 mg/dl)
3-6 mg/dl 1.85 (1.39-2.47) 0.000 3.26 (2.17-4.90) 0.000
>6 mg/dl 2.53 (1.88-3.38) 0.000 11.77 (7.96-17.40) 0.000
CRP (ref. <2.6 mg/dl)
2.6-10 mg/dl 0.95 (0.73-1.24) 0.717 0.72 (0.53-0.98) 0.036
>10 mg/dl 1.46 (1.10-1.95) 0.010 1.22 (0.88-1.69) 0.243
ANCA subclass (ref. PR3-ANCA only)
MPO-ANCA only 0.69 (0.42-1.14) 0.144 1.50 (0.79-2.83) 0.214
Both ANCA 0.59 (0.29-1.18) 0.135 1.72 (0.74-3.96) 0.205
ANCA + a-GBM 0.61 (0.30-1.24) 0.173 3.27 (1.50-7.11) 0.003
ESRD end-stage renal disease, C/ confidence interval, HR hazard ratio
multivariate stepwise Cox proportional hazard analysis. An ~ Discussion

increase in the oral prednisolone dosage significantly
reduced patient survival. The initial prednisolone dosage
did not affect renal survival; however, cyclophosphamide
use significantly improved renal outcome (Table 4).
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We began this survey of AAV/RPGN cases in Japan in
1998 to determine patient outcome, evaluate standard
treatment patterns, and enable us to propose suitable
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Table 4 Multivariate stepwise Cox proportional hazard analysis on
predictor of death and ESRD (forward selection method, critical
Fin = 0.05/F 5, = 0.1)

HR (95% CI) p

Death
Age (ref. <59 years)
60-69 years 2.284 (1.383-3.772) 0.001
>70 years 4.286 (2.649-6.936) 0.000
CRP (ref. <2.6 mg/dl)
2.6-10 mg/dl 0.776 (0.538-1.120) 0.176
>10 mg/dl 1.315 (0.886-1.951) 0.175
Lung involvement (ref. negative) 2.169 (1.508-3.119) 0.000
Serum creatinine (ref. <3 mg/dl)
3-6 mg/dl 2.250 (1.474-3.434) 0.000
>6 mg/dl 2.492 (1.636-3.797) 0.000
Initial prednisolone dose (ref. <0.6 mg/kg/day)
0.6-0.8 mg/kg/day 1.555 (0.996-2.429) 0.052
0.8-1.0 mg/kg/day 1.645 (1.005-2.692) 0.048
>1.0 mg/kg/day 2.132 (1.296-3.506) 0.003
Other variables considered: gender, ANCA subclass,
cyclophosphamide usage
ESRD
Serum creatinine (ref. <3 mg/dl)
3-6 mg/dl 2.811 (1.595-4.957) 0.000
>6 mg/dl 11.513 (6.827-19.416)  0.000
ANCA subclass (ref. PR3-ANCA only)
Both ANCA 2.891 (0.788-10.611)  0.110
MPO-ANCA only 2.224 (0.699-7.077) 0.176
ANCA + a-GBM 5.403 (1.474-19.806) 0.011
Cyclophosphamide usage (ref. none)
CYC 0.683 (0.474-0.986) 0.042

Other variables considered: age, gender, CRP, lung involvement,
initial prednisolone dose

treatment guidelines for Japanese AAV/RPGN patients.
During the early years of this study, we considered that the
prognosis of AAV/RPGN patients in Japan was very poor
compared with that of patients of different races and
countries. A I-year survival rate in AAV patients of §89%
was reported in the USA [8], and 84% was reported in
Europe [9], whereas the rate was 75% in our cohort during
the same period (group A). We analyzed the etiology of
these differences. We found that more than 90% of Japa-
nese AAV patients had MPO-ANCA, the average age of
Japanese AAV patients was high, and the most frequent
cause of death was infectious complications. The standard
treatment for AAV/RPGN in Europe and the USA was a
combination of 1 mg/kg prednisolone and 100-200 mg
cyclophosphamide [10, 11]. However, the prognosis of
patients treated with high-dose prednisolone was signifi-
cantly worse than that of patients treated with an oral

155

prednisolone dose <0.8 mg/kg/day in our cohort. Further-
more, 95% of our AAV patients had MPO-ANCA (85.5%
of patients were only MPO-ANCA positive), and the
average age was 04.4 years. Gayraud et al. [9] reported
that MPA patients above 65 years of age showed poorer
outcome with use of cyclophosphamide. Based on our
analysis of patients with group A and published reports, we
proposed treatment guidelines for Japanese RPGN patients
in 2002 [7] (Fig. 5). The guidelines emphasized the need
for reduced immunosuppressive treatment, such as an ini-
tial oral prednisolone dose reduction with or without
immunosuppressant, for Japanese MPO-ANCA-positive
AAV/RPGN patients. With this treatment recommenda-
tion, the oral dose of prednisolone was significantly
reduced and the number of patients using cyclophospha-
mide as an immunosuppressant was decreased.

Patient age was one of the prognostic factors for AAV/
RPGN patients, and the average age of our patients was
significantly increased with time; however, patient survival
was significantly improved. There were several possible
reasons for this. First, serum creatinine level at start of
treatment was a good predictor of patient survival, and was
also the strongest predictor of renal survival. Serum cre-
atinine level at start of treatment was gradually decreased
by early diagnosis and early treatment start during our
observation period. Second, prophylaxis with trimetho-
prim/sulfamethoxazole combinations or other agents was
generally used to avoid pneumocystis pneumonia in AAV/
RPGN patients using immunosuppressant [12]. This pro-
phylactic treatment was recommended in the Japanese
RPGN/AAV treatment guideline [7], and was effective in
reducing opportunistic infection in our most recent cohort
(group C). Third, a significant reduction in prednisolone
dosage and selective usage of cyclophosphamide according
to treatment guideline for Japanese RPGN patients resulted
in increased patient survival [6].

Although patient survival was improved with time, renal
outcome of the Japanese AAV/RPGN patients was not
improved. Although patients with both ANCAs and anti-
GBM showed significantly poorer renal outcomes than
other ANCA-positive patients, the proportion of patients
with both ANCAs and anti-GBM was the same throughout
our observation period. As shown in Fig. 3, renal outcome
was improved by an initial serum creatinine level below
3 mg/dl; however, renal outcome was the same in the three
groups in patients with serum creatinine levels of 3-6
mg/dl, and was worse in group C than in group B in those
with a serum creatinine level >6 mg/dl. As shown in
Fig. 5, a significant reduction in the initial prednisolone
dosage resulted in a reduction in early mortality, but poorer
renal outcome. de Lind van Wijngaarden et al. [13]
reported a 1-year survival rate of 75% in dialysis-depen-
dent AAV patients, and Day et al. [14] reported a rate of
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Fig. 3 Renal survival by renal function at start of treatment. Renal
outcome in patients with serum creatinine levels <3 mg/dl showed a
significant improvement in groups B and C, compared with group A
(6-month cumulative renal survival rate: group A 91.6%, group B
97.8%, group C 97.7%; 12-month cumulative renal survival rate:
group A 90.5%, group B 97.8%, group C 96.7%; p < 0.05). However,
renal outcome in patients with serum creatinine levels of 3-6 mg/dl
was not statistically different throughout the study period (6-month
cumulative renal survival rate: group A 85.6%, group B 90.7%,

77% in AAV patients with an average serum creatinine
level of 3.9 mg/dl, whereas in our group C patients with
serum creatinine level >6 mg/dl, the 1-year survival rate
was 71% and was similar in the other two cohorts. How-
ever, in our patients with serum creatinine levels >6 mg/dl
in group C, the 1-year renal survival rate was 51%. Thus,
renal outcome in our cohort was worse or equal to that of
previously reported cohorts [13, 14, 15]. It is possible that
recent patient survival improvement resulted in longer life
expectancy in patients with advanced renal insufficiency,
and those patients may have progressed to end-stage renal
disease (ESRD). However, it is also possible that a sig-
nificant reduction in prednisolone dosage in our group C
patients with serum creatinine levels >6 mg/dl might result
in insufficient treatment to restore their renal function.
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group C 85.5%; 12-month cumulative renal survival rate: group A
84.4%, group B 90.7%, group C 83.3%; not significant). Patients with
serum creatinine levels above 6 mg/dl showed a tendency toward poor
renal outcome in group C compared with group B (6-month cumula-
tive renal survival rate: group A 40.9%, group B 62.7%, group C
52.6%; 12-month cumulative renal survival rate: group A 37.4%,
group B 57.0%, group C 52.6%; not significant). a Serum creatinine
<3 mg/dl at treatment start, b serum creatinine 3—6 mg/dl at treatment
start, ¢ serum creatinine <6 mg/dl at treatment start

It was reported that the recurrence rate of patients with
MPO-ANCA was lower than that of patients with PR3-
ANCA [3]. However, recently the selective usage of
cyclophosphamide according to treatment guidelines for
Japanese RPGN patients resulted in a 1.5-fold increase in
the recurrence rate in Japanese AAV/RPGN patients. For
treatment of active renal vasculitis, to avoid relapses, and
to improve long-term renal outcomes, treatment with
cyclophosphamide may be recommended; however, pro-
longed immunosuppression with a safer immunosuppres-
sive agent, such as azathioprine [16], mycophenolate
mofetil [17], or mizoribine [18], should be considered.
We conducted a prospective randomized controlled trial
with and without mizoribine for maintenance treatment of
MPO-ANCA-positive RPGN (UMIN000000708). From



