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Abstract

Background The prognosis of lupus nephritis (LN) has improved following the introduction of effective immunosuppressive
therapy and progress in supportive care. This study examined recent renal and patient prognosis for adults with LN in Japan.
Methods We conducted a nationwide retrospective cohort study of LN patients who received a renal biopsy between 2007
and 2012 that were registered in the Japan Renal Biopsy Registry. Of 623 registered adults with LN from 25 institutions and
their affiliated or community hospitals, 489 were eligible for this study.

Results The median age at renal biopsy was 39 years, and 82.2% of patients were female. Renal biopsies were performed
in 348 patients with new-onset LN, 106 with relapse LN, and 35 with refractory LN. The distribution of ISN/RPS 2003
Classes was as follows: 1 1.6%; 11 5.3%; II1 (£ V) 27.0%; IV (V) 47.0%; V 18.4%; V1 0.6%. During the median observa-
tion period of 63.8 months, 36 patients (7.3%) reached a doubling of serum creatinine or end-stage kidney disease (ESKD),
and 28 patients (5.7%) died. The 5 year renal and patient survival rates were 93.9% and 94.7%, respectively. Multivariate
analysis revealed body mass index (BMI) and estimated glomerular filtration rate (¢GFR) were independent risk factors for
a doubling of serum creatinine in ESKD. Age and eGFR were independent risk factors for death.

Conclusion Recent prognosis for adults with LN are relatively good in Japan. Risk factors for impaired renal function are

BMI and eGFR at renal biopsy, while age and eGFR are risk factors for death.

Keywords Systemic lupus erythematosus - Renal prognosis - End-stage kidney disease - Patient prognosis
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Introduction

Lupus nephritis (LN) is one of the most critical complica-
tions of systemic lupus erythematosus (SLE). Over half
a century ago, patients with severe LN often developed
end-stage kidney disease (ESKD) and died [1]. Since then,
the therapeutic management of LN has advanced consider-
ably with the introduction of effective immunosuppressive
treatments to active LN and progress in supportive care
[2—4]. These changes have improved renal and patient sur-
vival in LN [3, 4].

Although several reports describe renal and patient
prognosis of LN from a single center or a single center
and its affiliated or community hospitals, there has been
no nationwide study of LN prognosis in Japan [5-10]. We
previously reported the relationship between the clinical
features of LN and renal histology according to the Inter-
national Society of Nephrology/Renal Pathology Soci-
ety (ISN/RPS) 2003 classification using the Japan Renal
Biopsy Registry (J-RBR) [11]. We showed that Class IV-G
(V) was the most prevalent form of LN in Japan and that
it was associated with a severe clinical renal presentation
at renal biopsy [11]. However, only clinical findings at
the time of renal biopsy were registered in the J-RBR.
Therefore, we attempted to conduct a retrospective cohort
study examining renal and patient prognosis in Japan by
obtaining clinical data from patients with LN who were
registered in the J-RBR.

Materials and methods
Study design and patient selection

We conducted a nationwide retrospective cohort study
to examine the prognosis of LN in Japan (UMIN
000,024,090). The patient selection process is shown
in Fig. 1. Between January 1, 2007, and December 31,
2012, 18,463 patients were registered in J-RBR. Among
18,463 patients, 887 patients were registered as LN from
69 institutions and their affiliated or community hospitals
[11]. Among the 69 institutions, 25 institutions and their
affiliated or community hospitals participated in this study,
accounting for 623 registered LN patients. Application
of the inclusion and exclusion criteria (outlined below)
removed 125 patients, leaving 498 patients eligible for
this study. Nine patients were further excluded due to the
timing of their biopsy, which was not any of the follow-
ing: new-onset LN, relapse LN, or refractory LN. Refrac-
tory LN was defined as a renal biopsy performed three
months after treatment initiation because of an insufficient

18,463 patients registered in J-RBR between 2007 and 2012

l

887 patients registered as lupus nephritis from 69 institutions
and their affiliates hospitals

l

623 patients registered as lupus nephritis from 25
institutions and their affiliates hospitals

125 patients were excluded by
inclusion and exclusion criteria

498 eligible patients

9 patients were excluded
because the timing of renal
biopsy was not new-onset,
relapse, nor refractory.

489 patients were analyzed

Fig.1 Flow chart showing the selection of 489 lupus nephritis
patients. J-RBR, Japan Renal Biopsy Registry

response to the treatment. Finally, 489 patients were
included in the analysis of this study.

The patient inclusion criteria were as follows: (1) regis-
tered in the J-RBR before September 17, 2013, with a histo-
logical diagnosis of LN; (2) received a renal biopsy between
January 1, 2007, and December 31, 2012; (3) 18 years of age
or older at the time of the biopsy; (4) fulfilled four or more of
the 1997 American College of Rheumatology (ACR) criteria
for the classification of SLE [12]; (5) were Japanese. Patient
exclusion criteria were as follows: (1) no medical records at
six months or later after the renal biopsy, except for patients
who had a 50% increase in serum creatinine (S-Cr), devel-
oped ESKD requiring renal replacement therapy, or died
within six months; (2) insufficient biopsy sample for diag-
nosis with the ISN/RPS classification; (3) patients who were
inappropriate for the study as determined by the investigator;
(4) patients who declined to participate in the study.

Data collection

All data were collected between October 1, 2016, and July
31, 2017. Renal biopsy tissues were evaluated at each insti-
tution according to the ISN/RPS 2003 criteria for LN [13].
Urinary red blood cell (RBC) scores were determined using
urinary sediment as previously reported, and included: 0, O

@ Springer
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cells/hpf; 1, more than O but less than five cells/hpf; 2, equal
to or more than five but less than 10 cells/hpf; 3, equal to
or more than 10 but less than 30 cells/hpf; 4, equal to or
more than 30 cells/hpf. In the absence of urinary sediment
data, the hematuria score was determined by dipstick testing
and scored as follows: 0 (-); 1 (£); 2 (14+); 3 (2+); 4 (3+)
[11]. The estimated glomerular filtration rate (¢eGFR) was
calculated using the estimation equation for Japanese adults
[14]. Body mass index (BMI) was calculated as weight/
height?. Nephrotic syndrome was defined as a) urinary pro-
tein > 3.5 g/day or 3.5 g/gCr and b) serum albumin <3.0 g/
dL. Rapidly progressive glomerulonephritis syndrome
(RPGN) was defined when there was rapidly progressing

Table 1 Clinical findings at renal biopsy

renal failure from several weeks to several months (approx-
imately >30% decline in eGFR within three months) and
urinary findings of nephritis, such as hematuria, proteinuria,
and casts.

Evaluation of primary and secondary outcomes

The primary outcome was impaired renal function, as indi-
cated by a doubling of S-Cr from baseline levels or ESKD.
Among several prespecified secondary outcomes (UMIN
000,024,090), the following were examined in this study:
(1) ESKD requiring renal replacement therapy, (2) a 50%
increase in S-Cr, (3) death, (4) cardiovascular diseases, and

All New-onset Relapse Refractory P Value
(n=489) (n=348) (n=106) (n=35)

Age (years) 39 [30, 52] 40 [29, 55] 40 [30, 51] 37 [32, 47] 0.618
Gender (Female) 402/498 (82.2%) 280/348 (80.5%) 93/106 (87.7%) 29/35 (82.9%) 0.229
Duration between onset of SLE 38.2[3.2,130.4] 6.5 [2.1, 64.6] 150.8 [99.3, 233.9]% 107.2 [66.1, 219.3]% <0.001
and renal biopsy (months)
Duration between onset of LN 4.0[1.3,45.4] 2.1[1.1,4.8] 126.5[69.2, 182.3]"1  68.7[32.7, 142.7*!3 <0.001
and renal biopsy (months)
Body mass index (kg/m?) 22.2[19.7,24.4] 22.0[19.7,24.5] 22.2[20.1, 23.7] 21.3[18.9, 23.8] 0.606
Systolic BP (mmHg) 124 [113, 141] 123 [111, 140] 128 [116, 143] 121 [114, 130] 0.113
Diastolic BP (mmHg) 77 [68, 86] 75 [66, 86] 80 [73, 877! 75 [67, 86] 0.008
Serum creatinine (mg/dL) 0.70 [0.55, 0.96] 0.70 [0.53, 0.95] 0.76 [0.57, 0.96] 0.70 [0.60, 1.20] 0411
eGFR (mL/min/1.73m?) 77.4 [54.4, 100.8] 79.1 [54.7, 102.0] 73.0 [55.2,99.2] 82.1 [46.0, 103.2] 0.543
CKD Stage

Gl 177 (36.2) 130 (37.4) 35 (33.0) 12 (34.3) 0.493

G2 156 (31.9) 113 (32.5) 34 (32.1) 9 (25.7)

G3a 78 (16.0) 53 (15.2) 20 (18.9) 5(14.3)

G3b 42 (8.6) 27 (7.8) 11 (10.4) 4(11.4)

G4 27 (5.5) 17 (4.9) 547 5(14.3)

G5 9(1.8) 8(2.3) 1(0.9) 0(0.0)
Serum albumin (g/dL) 291[2.3,34] 2.8[2.2,3.3] 291[24,3.5] 3.2[3.0, 3.8]"1+4 0.001
Serum total cholesterol 215 [174, 263] 200 [164, 259] 235 [208, 269]*! 225 [197, 254] <0.001
Urinary protein (g/gCr or g/day) 2.1[0.90, 4.3] 2.0[0.9,4.3] 2.3[1.2,4.6] 1.8 [0.6, 3.4] 0.110
Urinary RBC score 21, 3] 211,3] 21, 31 211,3] 0.015
Anti-phospholipid antibody (pts) 120/393 (30.5%) 93/289 (32.2%) 24/80 (30.0%) 3/24 (12.5%) 0.131
Serum CH50 (U/mL) 20.3 [10.0, 32.1] 16.4 8,0, 30.0] 24.4[15.8, 32.6]" 36.5 [25.7, 43.3]*13 <0.001
Anti-DNA antibody (pts) 367/461 (79.6%) 264/324 (81.5%) 79/103 (76.7%) 24/34 (70.6%) 0.230
Anti-Sm antibody (pts) 152/385 (39.5%) 119/287 (41.5%) 23/77 (29.9%) 10/21 (47.6%) 0.133
Nephrotic syndrome (pts) 198/489 (40.5%) 138/348 (39.7%) 49/106 (46.2%) 11/35 (31.4%) 0.254
RPGN (pts) 61/489 (12.5%) 51/348 (14.7%) 9/106 (8.5%) 1/35 (2.9%) 0.049
Diabetes mellitus (pts) 36/460 (7.8%) 22/329 (6.7%) 10/100 (10.0%) 4/31 (12.9%) 0.308

SLE systemic lupus erythematosus, LN lupus nephritis, BP blood pressure, eGFR estimated glomerular filtration rate, CKD chronic kidney dis-

ease, RBC red blood cell, RPGN rapidly progressive glomerulonephritis syndrome

Data are expressed as median (interquartile range) or number (percentage)

#1p <0.01 vs New-onset
#2p <0.05 vs New-onset

#P <0.01 vs Relapse
#p <0.05 vs Relapse
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(5) malignancy. The doubling S-Cr or a 50% increase in S-Cr
was determined when observed in two consecutive tests,
except when there was a transient increase in S-Cr due to
dehydration or infection. The first of the two consecutive
tests indicated the day when the doubling of S-Cr or a 50%
increase in S-Cr was observed.

Statistical analysis

Continuous variables were expressed as the median and
interquartile range (IQR) or mean + standard deviation.
The median and IQR were used for statistical comparisons
because almost all the data had non-normal distributions.
Clinical parameters of the two groups were compared using
the Mann—Whitney U-test for continuous variables, while
differences between more than two groups were exam-
ined using the Kruskal-Wallis test, followed by post-hoc
Steel-Dwass tests. Categorical variables were analyzed
using Fisher’s exact test, and a post-hoc Holm’s correction
was applied for multiple comparisons. Renal and patient sur-
vival were analyzed using the Kaplan—Meier method, and
differences in the survival curves were compared using a
log-rank test. Risk factors for impaired renal function (dou-
bling S-Cr or ESKD) and death were identified using univar-
iate and multivariate Cox proportional hazards models and
expressed as hazard ratios (HR) and 95% confidence inter-
vals (CI). We selected the clinically important parameters
from the clinical experience and past studies for univariate
and multivariate analysis because of a limited number of
events. Only the variables significantly associated with the
outcome (P <0.05) in univariate analysis were included in
multivariate analysis. All statistical analyses were consid-
ered significant if P <0.05. All statistical analyses were per-
formed using EZR Version 1.53 (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), which is a graphi-
cal user interface for R (version 3.5.2; R Foundation for Sta-
tistical Computing, Vienna, Austria) [15].

Results

Clinical features at the time of renal biopsy
and histological findings

The clinical features of all patients at the time of renal
biopsy are shown in Table 1, Supplemental Table 1, and
Supplemental Table 2a and 2b. Across all patients, the
median age at renal biopsy was 39 years old. Median eGFR
and urinary protein were 77.4 mL/min/1.73m? and 2.1 g/gCr
or g/day, respectively. Nephrotic syndrome was observed in
40.5% of patients, and 12.5% had RPGN. There were 348

patients with new-onset LN, 106 with relapse LN, and 35
with refractory LN. Among these groups, there were signifi-
cant differences in the duration between the onset of SLE
and renal biopsy, the duration between the onset of LN and
renal biopsy, diastolic blood pressure, serum albumin, total
serum cholesterol, urinary RBC score, serum CH50, and the
frequency of RPGN. The histological diagnosis according to
the ISN/RPS 2003 classification are shown in Table 2. About
half of all patients were ISN/RPS Class IV (+ V) (47.0%),
followed by Class III (¢ V) (27.0%), Class V (18.4%), Class
11 (5.3%), Class I (1.6%), and Class VI (0.6%).

Treatments received within six months of renal
biopsy

The glucocorticoid and immunosuppressants used within
the first six months following renal biopsy are summarized
in Supplemental Table 3. Most patients (93.6%) received
an initiation or intensification of treatment. Glucocorticoid
therapy was used in 97.3% of patients, with a median initial
dose of 40 mg/day (prednisolone equivalent). Glucocorticoid
pulse therapy was performed in 43.6% of patients. The most
frequently used immunosuppressant was tacrolimus (42.3%),
followed by intravenous cyclophosphamide pulse therapy
(21.7%). Of note, more than half of the patients with relapse
LN were treated with tacrolimus, which was significantly
higher than patients with new-onset LN.

Renal and patient outcomes

Renal and patient outcomes are summarized in Table 3.
The median observation period was 63.8 months, during
which time 7.3% of all patients showed impaired renal
function (a doubling of S-Cr or ESKD). A 50% increase

Table2 Histological diagnosis according to the ISN/RPS 2003 clas-
sification

All New-onset  Relapse Refractory
(n=489) (n=348) (n=106) (n=35)
Class I 8 (1.6%) 7 (2.0%) 1(09%)  0(0.0%)
Class 11 26 (53%)  23(6.6%)  2(1.9%) 1(2.9%)
Class Il (V) 132 (27.0%) 91 (26.1%) 31(29.2%) 10 (28.6%)
A 46 (34.8%) 39(429%) 4(12.9%) 3 (30.0%)
A/C 76 (57.6%) 47 (51.6%) 23 (74.2%) 6 (60.0%)
C 10 (7.6%) 5(5.5%) 4(129%) 1(10.0%)
Class IV (V) 230 (47.0%) 162 (46.6%) 55(51.9%) 13 (37.1%)
A 96 (41.7%) 91(56.2%) 509.1%)  0(0%)
A/C 127 (55.2%) 170 (43.2%) 46 (83.6%) 11 (84.6%)
C 7 (3.0%) 1 (0.6%) 4(13%)  2(15.4%)
Class V 90 (18.4%) 64 (18.4%) 17 (16.0%) 9 (25.7%)
Class VI 3 (0.6%) 1(0.3%) 0 (0%) 2 (5.7%)

Data are expressed as number (percentage)
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in S-Cr was observed in 15.3% of all patients, and 2.9%
developed ESKD. Twenty-eight patients (5.7%) died from
several causes, including infection (n=13: pneumonia in
8 patients and sepsis in 5 patients), cardiovascular disease
(n=6), malignancy (n=4), or other reasons (n=5). Among
all patients, there were 24 cardiovascular disease events in
21 patients (4.3%) and 19 cases of malignancy (3.9%).

The Kaplan—-Meier survival curves for the doubling of
S-Cr or ESKD, ESKD, a 50% increase in S-Cr, and death
among the timing of renal biopsy groups are shown in
Fig. 2. There were no significant differences in these out-
comes between the groups, except for ESKD (P =0.005).
Kaplan—Meier curves by renal histology are shown in Fig. 3.
There was also no significant difference in these outcomes
among the ISN/RPS Classes, except for ESKD (P=0.012).
Among all patients, the 5 year survival rates for the doubling

Table 3 Primary and secondary outcomes

of S-Cr or ESKD, ESKD, a 50% increase in S-Cr, and death
were 93.9%, 97.1%, 87.0%, and 94.7%, respectively. The
5-year survival rates in each patient group are shown in Sup-
plemental Table 4.

Risk factors for the deterioration of renal function

We then determined the risk factors for impaired renal
function (a doubling of S-Cr or ESKD; Table 4). Univariate
analysis showed age, BMI, and eGFR at renal biopsy were
significantly associated with impaired renal function among
all patients and those with new-onset LN. Multivariate anal-
ysis revealed that BMI (HR 1.126, 95% CI 1.019-1.244,
P=0.019) and eGFR (HR 0.975, 95% CI 0.959-0.991,
P=0.002) in the new-onset LN patients and BMI (HR 1.120,
95% CI 1.036-1.1210, P <0.001) and eGFR (HR 0.972, 95%

All New-onset Relapse Refractory P value
(n=489) (n=348) (n=106) (n=35)
Observation period (mo) 63.8 [50.1, 82.2] 62.4 [50.4, 82.3] 69.2 [50.9, 81.8] 59.7[42.2,75.9] 0.312
Doubling S-Cr or ESKD 36 (7.3%) 22 (6.3%) 9 (8.5%) 5(14.3%) 0.201
ESKD 14 (2.9%) 7 (2.0%) 3 (2.9%) 4 (11.4%)" 0.006
50% increase of S-Cr 75 (15.3%) 46 (13.2%) 20 (18.9%) 9 (25.7%) 0.077
Death 28 (5.7%) 22 (6.3%) 2 (1.9%) 4 (11.4%) 0.073
Infection 13 (46.4%)"! 11 (50.0%) 1 (50.0%) 1 (25.0%)
Cardiovascular disease 6 (21.4%) 6 (2.7%) 0 (0.0%) 0 (0.0%)
Malignancy 4 (14.3%) 2 (0.9%) 1 (50.0%) 1 (25.0%)
Others ™ 5 (17.9%) 3 (1.4%) 0 (0.0%) 2 (50.0%)
Cardiovascular disease 21 (4.3%)™ 16 (4.6%)"® 2 (1.9%) 0 (0.0%) 0.179
Cerebral hemorrhage 6 (28.6%)">° 6 (31.6%)">° 0 (0.0%) 0 (0.0%)
Cerebral infarction 11 (52.4%)"67 9 (47.4%)"%7 2 (100.0%) 0 (0.0%)
Arachnoid hemorrhage 1 (4.8%)7 1(5.3%)" 0 (0.0%) 0 (0.0%)
Acute coronary syndrome 5(23.8%)"7 5(26.3%)" 0 (0.0%) 0 (0.0%)
Aortic dissection 1 (4.8%) 1(5.3%) 0 (0.0%) 0 (0.0%)
Malignancy 19 (3.9%) 15 (4.3%) 3 (2.9%) 1 (2.9%) 0.677
Cervical cancer 6 (31.6%) 5(33.3%) 1 (33.3%) 0 (0.0%)
Lymphoma 2 (10.5%) 2 (13.3%) 0 (0.0%) 0 (0.0%)
Lung cancer 2 (10.5%) 2 (13.3%) 0 (0.0%) 0 (0.0%)
Renal cell carcinoma 2 (10.5%) 1(6.7%) 1(33.3%) 0 (0.0%)
Others™ 7 (36.8%) 5(33.3%) 1 (33.3%) 1 (100%)

Data are expressed as number (percentage)
S-Cr serum creatinine, ESKD end-stage kidney disease

pneumonia in 8 patients and sepsis in 5 patients

*2accidents in 2 patients, acute respiratory distress syndrome, general debilitation, upper gastrointestinal bleeding

3prain tumor, colorectal cancer, esophagus cancer, tongue cancer, thyroid cancer, vulva cancer, leukemia

424 events in 21 patients

*3One patient had both arachnoid hemorrhage and cerebral hemorrhage
*60ne patient had both cerebral hemorrhage and cerebral infraction
*TOne patient had both cerebral infraction and acute coronary syndrome
819 events in 16 patients

#1p <0.05 vs New-onset
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CI 0.959-0.985, P<0.001) in all patients, were independ-
ent risk factors for impaired renal function. Kaplan—Meier
Curves for impaired renal function by BMI and eGFR levels
are shown in Fig. 4a and b. There were significant differences
in survival probability between groups for BMI > 25 kg/m?
and <25 kg/m? (P=0.031) and eGFR >45 ml/min/1.73m?
and <45 ml/min/1.73m? (P <0.001).

Risk factors for death

Finally, we examined the risk factors for death (Table 5).
Univariate analysis showed age and BMI at renal biopsy
were significantly associated with death among all patients
and those with new-onset LN. Multivariate analysis revealed
that age (HR 1.037, 95% CI 1.011-1.065, P =0.006) and

a Doubling S-Cr or ESKD
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New-onset 348 315 291 184 95 26 1
Relapse 106 98 88 64 29 9 1
Refractory 35 30 25 16 7 3 0
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0.0-

0 20 40 60 80 100 120

Number at risk Months
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eGFR (HR 0.968, 95% CI 0.951-0.984, P <0.001) in
the new-onset LN patients and age (HR 1.042, 95% CI
1.015-1.068, P=0.002) and eGFR (HR 0.970, 95% CI
0.954-0.985, P<0.001) in all patients, were independ-
ent risk factors for death. Kaplan—Meier Curves for death
by age and eGFR levels are shown in Fig. 4c and d. There
were significant differences in survival probability between
groups for age >45 years and <45 years (P <0.001)
and eGFR >45 ml/min/1.73m* and <45 ml/min/1.73m?
(P<0.0001). Therefore, patients with chronic kidney disease
G3b or more than G3b had an increased risk of poor renal
and patient survival.

b A 50% increase of S-Cr
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Fig.2 Kaplan—Meier analysis for renal and patient survival according to the timing of renal biopsy. a A doubling of S-Cr or ESKD, b A 50%

increase in S-Cr, ¢ ESKD, d Death
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Discussion

In this study, we examined recent renal and patient progno-
sis for LN among Japanese adults. This study included 489
adult patients with LN from 25 institutions and their affili-
ated or community hospitals who received a renal biopsy
between 2007 and 2012 and were registered in the J-RBR.
Patients with SLE are likely to receive renal biopsies at
university hospitals and major nephrology centers, most of
which participate in the J-RBR. Therefore, the data of this
study reflects recent “real-world” clinical practices for adult
patients with LN who received a renal biopsy in Japan.

a Doubling S-Cr or ESKD
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Our analysis showed that the 5 year renal survival rate,
defined as patients without a doubling of S-Cr or ESKD, was
93.9% in all patients (n=489) and 94.8% in new-onset LN
patients (n=348). When the renal survival is defined only as
patients without ESKD, the 5-year survival rates increased
to 97.1% among all patients and 97.5% in new-onset LN
patients. Tektonidou et al. conducted a systemic review and
Bayesian meta-analysis to estimate the risk of ESKD among
adults with LN between 1971 and 2015. From 187 articles
that included 18,309 patients in developed countries, the
5-year risk of ESKD decreased from 16% in 1970-1979
to 11% in the mid-1990s, after which it then plateaued or
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Fig. 3 Kaplan—Meier analysis for renal and patient survival according to the ISN/RPS 2003 classification. a A doubling of S-Cr of ESKD, b A

50% increase in S-Cr, ¢ ESKD, d Death

@ Springer



Clinical and Experimental Nephrology (2022) 26:898-908

905

increased marginally [3]. By comparison, the 5 year risk of
ESKD was lower in Japan.

In this study, lower eGFR and higher BMI at the time
of renal biopsy were identified as independent risk fac-
tors for impaired renal function (defined as a doubling of
S-Cr or ESKD) in both new-onset LN and all patients with
LN. Decreased renal function at the time of renal biopsy
has frequently been identified as a risk factor for impaired
renal function, not only for patients with LN but also other
types of glomerulonephritis [4, 8, 16, 17]. Obesity has also
been identified as a risk factor for impaired renal function
in chronic kidney diseases or glomerulonephritis, such as
IgA nephropathy [18-20]. While obesity is not a common
risk factor for impaired renal function in LN, Kang et al.
recently reported that among patients with SLE, those who
were obese had a higher prevalence of LN compared with
non-obese patients, suggesting that obesity is linked with
newly developed LN in SLE patients [21]. Hyperfiltration
and inflammation associated with obesity were proposed as
the underlying mechanisms for obesity-related renal injury
[22, 23].

Generally, SLE patients with LN have poorer survival
rates than those without LN [24, 25]. Gisca et al. reported
that the 5-year mortality rate of LN patients decreased
from 24.1% in 1975-1985 to 4% in 1986—-1995 before sta-
bilizing for the next 30 years in their hospital in London
[26]. Japanese single-center (including associated com-
munity hospitals) studies have reported 5-year patient sur-
vival rates to be 97.2% or 99.3% [7, 9]. By comparison, our
data showed a slightly lower 5-year patient survival rate
of 94.7%. This may be because this study involved mul-
tiple centers, where LN experiences and treatments may
be diverse. In our study, infection was the most frequent

cause of death, accounting for nearly half of all deaths,
followed by cardiovascular diseases. Similarly, previous
reports have also found infection [27, 28] or cardiovas-
cular disease [25, 29, 30] to be the most frequent cause
of death in LN. Differences in the most frequent cause of
death between these studies may be due to patient ethnic-
ity or follow-up periods. In our study, the risk factors for
death were older age and lower eGFR at the time of renal
biopsy, which were also identified as risk factors in previ-
ous studies [4, 27, 29]. Prevention and control of infection
are essential for improving patient survival, especially for
older patients and patients with decreased renal function.

A recent meta-analysis reported that SLE patients had
an increased risk of developing malignancies, particu-
larly among Asians and females [31]. In our study, 3.9%
of patients developed malignancies over a 63.8 month
(median) observation period. Cervical cancer was the
most frequent, accounting for one-third of malignancies.
The risk of high-grade dysplasia and cervical cancer was
1.5 times higher in rheumatoid arthritis and SLE patients
compared to patients without systemic inflammatory dis-
eases [32]. Since the recommendation for the human pap-
illomavirus (HPV) vaccination in the national immuniza-
tion program was suspended due to vaccine hesitancy in
Japan, screening and monitoring for cervical cancer are
needed for Japanese female SLE patients without HPV
vaccination.

Our study has limitations. First, this was a multicenter
retrospective study, and the treatment strategies differed
between the institutions. Second, the treatment modalities
were somewhat different from international standard thera-
pies. Specifically, the use of several key drugs was limited in
this study. Mycophenolate mofetil and hydroxychloroquine

Table 4 Risk factors for impaired renal function (Doubling S-Cr or ESKD) among new-onset patients (a) and all patients (b)

(a) New-onset patients

Variable Univariate analysis Multivariate analysis

Hazard ratio 95% CI P Hazard ratio 95% CI P
Age 1.043 (1.016-1.071) 0.002 1.026 (0.9997-1.053) 0.053
Female 0.478 (0.194-1.175) 0.108
BMI 1.149 (1.049-1.258) 0.003 1.126 (1.019-1.244) 0.019
eGFR 0.970 (0.956-0.985) <0.001 0.975 (0.959-0.991) 0.002
(b) All patients
Variable Univariate analysis Multivariate analysis

Hazard ratio 95% C1 P Hazard ratio 95% CI P
Age 1.038 (1.016-1.061) <0.001 1.018 (0.996-1.040) 0.113
Female 0.508 (0.245-1.056) 0.069
BMI 1.128 (1.052-1.209) <0.001 1.120 (1.036-1.210) <0.001
eGFR 0.968 (0.956-0.98) <0.001 0.972 (0.959-0.985) <0.001

S-Cr serum creatinine, ESKD end-stage kidney disease: BMI body mass index, eGFR estimated glomerular filtration rate, CI confidential interval
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Fig.4 Kaplan—Meier analysis for renal and patient survival between
the two groups. a A doubling S-Cr or ESKD between the groups
with BMI <25 kg/m? and>25 kg/m?, b A doubling S-Cr or ESKD
between the groups with eGFR>45 ml/min/1.73m? and <45 ml/

have been covered by Japanese health insurance since 2015.
In contrast, tacrolimus was frequently used in this study
because it was approved for the treatment of LN in 2007.
Third, we selected patients registered in the J-RBR. As such,
patients whose renal biopsy was performed by rheumatolo-
gists were missing from this study. Fourth, we did not exam-
ine the treatment response (remission rate and change of
proteinuria) and the effect of medications in this study. We
will analyze these parameters in the next paper.
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min/1.73m?, ¢ Death between the groups with eGFR>45 ml/
min/1.73m? and <45 ml/min/1.73m?, d Death between the groups
with age <45 years old and age >45 years old

In conclusion, the first nationwide study of adult LN in
Japan with a median observation period of 5 years showed
relatively good renal and patient survival rates. We identi-
fied increased BMI and decreased eGFR as independent
risk factors for impaired renal function and older age and
decreased eGFR as independent risk factors for death. To
improve LN prognosis, treatment plans should be given
careful consideration for patients with these risk factors.
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Table 5 Risk factors for death among new-onset patients (a) and all patients (b)
(a) New-onset patients
Variable Univariate analysis Multivariate analysis
Hazard ratio 95% C1 P Hazard ratio 95% CI P
Age 1.062 (1.033-1.091) <0.001 1.037 (1.011-1.065) 0.006
Female 0.607 (0.247-1.555) 0.298
BMI 1.048 (0.959-1.160) 0.333
eGFR 0.962 (0.9463-0.977) <0.001 0.968 (0.951-0.984) <0.001
(b) All patients
Variable Univariate analysis Multivariate analysis
Hazard ratio 95% C1 P Hazard ratio 95% CI P
Age 1.066 (1.040-1.093) <0.001 1.042 (1.015-1.068) 0.002
Female 0.606 (0.257-1.428) 0.252
BMI 1.048 (0.959-1.146) 0.303
eGFR 0.962 (0.948-0.976) <0.001 0.970 (0.954-0.985) <0.001

BMI body mass index, eGFR estimated glomerular filtration rate, CI confidential interval

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10157-022-02232-x.
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