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Abstract

Background Membranoproliferative glomerulonephritis (MPGN) is a rare glomerular injury that causes nephrotic syndrome
and end-stage kidney disease. The nationwide demographics and treatment of Japanese patients with primary MPGN have
not yet been reported.

Methods We collected clinical personal records of patients with primary MPGN between 2015 and 2018 from the national
registry organized by the Japanese Ministry of Health, Labour, and Welfare and investigated the characteristics of primary
MPGN throughout Japan.

Results Of 258 patients with primary MPGN, 199 and 59 showed nephrotic and non-nephrotic syndrome, respectively. The
median age at onset was higher in patients with nephrotic syndrome than in those with non-nephrotic syndrome (45 [24-63]
vs. 35 [14-53] years, respectively; P=0.010). The use of oral prednisolone was significantly higher in patients with nephrotic
syndrome than in those with non-nephrotic syndrome (73.9% vs. 59.3%, respectively; P =0.032). When patients were divided
into three age groups: adolescent and young adult group (< 39 years; n=80), middle adult group (40-64 years; n=111), and
older adult group (> 65 years; n=67), the use of oral prednisolone, cyclosporine, and mizoribine was significantly higher in
the adolescent and young adult group than in the middle adult group. The mean dosage of oral prednisolone and mizoribine
showed no differences among the three age groups.

Conclusion The national registry of clinical personal records of primary MPGN could provide an informative insight into
the characteristics, clinical features, and treatment approaches for patients with primary MPGN in Japan.
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(INSCS), which enrolled 374 Japanese patients with primary
nephrotic syndrome, reported that the prevalence of MPGN
was 2.4%, whereas MCD, FSGS, and MN were 41.3%,
10.0%, and 40.0%, respectively [6], suggesting that primary
MPGN is also rare compared to other primary nephrotic
syndromes in Japan.

Although several studies on primary MPGN have been
conducted in Japan [7-12], most studies are either regional
or conducted on a small scale. No cohort study with more
than 100 patients has reported the distribution of patients
with primary MPGN. Therefore, large-scale demograph-
ics, clinical characteristics, and treatment data of Japanese
patients with primary MPGN are needed for better health-
care services, to improve treatment, and to provide a ref-
erence for comparisons with future studies and medical
administration.

Recently, large-scale data, comprising information
from various sources, including electronic health records,
administrative or claims data, and data from self-monitoring
devices, have become a controversial topic in medical and
healthcare research [13—15]. Clinical personal records are
a Japanese nationwide administrative database of public
expenditure for refractory diseases maintained by the Japa-
nese Ministry of Health, Labour, and Welfare to register and
certify intractable diseases [16, 17]. This database started
collecting primary MPGN data in 2015, which helped inves-
tigate the clinical features of patients with primary MPGN
in routine practice. This study aimed to describe the demo-
graphics and treatment of primary MPGN in Japan using a
nationwide registry of clinical personal records.

Materials and methods
Overviews of clinical personal records

This cross-sectional study used data from clinical personal
records, a nationwide administrative database of public
expenditure for refractory diseases (so-called the “National
Database of Designated Incurable Diseases of Japan™)
including primary MPGN, throughout Japan, maintained by
the Japanese Ministry of Health, Labour, and Welfare [18].
The records prospectively and annually collected demo-
graphic data (age, sex), chronic kidney disease (CKD) classi-
fication based on glomerular filtration rate and albuminuria,
medication use (presently used and maximum dosage of pre-
sent treatment within 6 months), and therapeutic responses
(steroid-resistant [never achieved remission]). The data were
registered only after being reviewed by certified nephrolo-
gists. However, the database does not include survival data,
such as death. The results presented in this study are original
and different from the statistics produced or published by the
Ministry of Health, Labour, and Welfare of Japan.

Study population

The present study used clinical personal records of patients
with primary MPGN types I and III from 2015 to 2018.
Primary MPGN was diagnosed based on renal biopsy find-
ings in the absence of type II MPGN (dense deposit dis-
ease) and any secondary MPGN [11], such as autoimmune
diseases (lupus nephritis, IgA vasculitis, and other types
of vasculitis), paraproteinemia (amyloidosis, cryoglobulin,
heavy chain deposition, and light chain deposition), infec-
tious diseases (streptococcal and staphylococcal infections,
hepatitis B and C, human immunodeficiency virus, parvo-
virus B19, bacterial endocarditis, shunt nephritis), tumors
(malignant lymphoma and leukemia), genetic diseases asso-
ciated with complement dysfunction, or liver diseases (liver
cirrhosis and antitrypsin deficiency). Nephrotic syndrome
was diagnosed based on massive proteinuria (> 3.5 g/day)
and hypoalbuminemia (serum albumin <3.0 g/dL) [19]. In
2015, primary MPGN was approved as a designated intrac-
table disease in Japan (designated intractable disease num-
ber 223), whereas several cases with primary MPGN were
registered in the registry of primary nephrotic syndrome
(designated intractable disease number 222). Therefore, we
combined the registry data of the primary MPGN, as shown
in Fig. 1a. In the clinical records of patients with primary
MPGN (designated intractable disease number 223), not
primary nephrotic syndrome (designated intractable disease
number 222), there are survey items about renal replacement
therapy and pathological findings of a modified Japanese
classification [20] (Table S1).

Data curation

The data used in the statistical analysis were processed
and refined in advance to make them suitable for analy-
sis. If multiple patients had identical data, the data from
one patient were included in the analysis, and duplicate
data were excluded. Erroneous data (e.g., values that were
entered although no tests were performed) were included
after the likely values were assigned as alternatives. These
values were determined by referring to the basic statistics
of the data.

Characteristics and management of primary MPGN

Demographics (age at onset and sex), chronic kidney dis-
ease classification based on glomerular filtration rate and
albuminuria, and management of primary MPGN in this
registry were determined. The use and dosage (highest dose
in the past 6 months; present use only) of present and previ-
ously used steroids and immunosuppressive drugs were also
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designated intractable disease  designated intractable disease
No. 222 No. 223
Primary Nephrotic syndrome Primary MPGN
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G stage (n = 6)
A stage (n=4)
Sex (n=2)

Fig. 1 a Flow diagram for patient selection from the national registry
of clinical personal records of primary membranoproliferative glo-
merulonephritis (MPGN). b Distribution of glomerulopathies in the

collected. ‘Steroid-resistant’ was defined as never achieving
complete remission despite immunosuppressive treatment,
including steroid therapy, according to the definition out-
lined in the Japanese guidelines for nephrotic syndrome [21].
After removing patients with multiple diagnoses and missing
data, we analyzed the following two sets:

1. Comparison between nephrotic and non-nephrotic
patients with primary MPGN. Nephrotic syndrome was
diagnosed based on massive proteinuria (> 3.5 g/day)
and hypoalbuminemia (serum albumin <3.0 g/dL) [19].

2. Patients with MPGN were divided into three age groups:
adolescent and young adults (<39 years), middle adults
(40-64 years), and older adults (> 65 years). Clinical
parameters were compared among age groups.

Statistical analysis

Quantitative variables are expressed as mean (standard
deviation) for normally distributed data or median (inter-
quartile range [IQR]). Qualitative variables are presented
as frequencies (percentages). Differences between groups
were compared using chi-square tests for categorical vari-
ables and nonparametric Kruskal-Wallis tests for continuous
variables. All data were analyzed using IBM SPSS (version
26.0; SPSS, Chicago, IL, USA), and P <0.05 indicated a
significant difference.
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Results

In the nationwide registry of clinical personal records
from 2015 to 2018, 156 and 114 cases of primary MPGN
were enrolled as primary nephrotic syndrome (designated
intractable disease number 222) and primary MPGN (des-
ignated intractable disease number 223), respectively. We
merged and analyzed these cases (Fig. 1). After remov-
ing patients with missing data, 258 patients with primary
MPGN were included in this analysis (Fig. 1a). Of 114
cases of primary MPGN (designated intractable disease
number 223), 4 patients (5.3%) underwent hemodialysis
for ESKD.

Distribution and sex differences of primary MPGN
based on age at onset in the national registry
of clinical personal records

Regarding the distribution of age at onset, primary MPGN
was present in all ages with a bimodal pattern, showing an
early peak at 5-19 years and a later peak at 45-59 years
(Fig. 1b). There was a female predominance in young and
middle-aged individuals, whereas a male predominance
was observed in older adults (Fig. 1b).
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Comparison between nephrotic and non-nephrotic
patients with primary MPGN

Of 258 patients with primary MPGN, 199 with nephrotic
syndrome and 59 with non-nephrotic syndrome were
included in this analysis (Fig. 1, Table 1). The median (IQR)
age at enrollment was higher for nephrotic syndrome than for
non-nephrotic syndrome (52 [36—67] vs. 47 [23-59] years,
respectively; P=0.007). The median (IQR) age at onset was
also higher for nephrotic syndrome than for non-nephrotic
syndrome (45 [24-63] vs. 35 [14-53] years, respectively;
P=0.010). Both the G and A stages of the risk classification

of chronic kidney disease were more severe in patients with
nephrotic syndrome than in those with non-nephrotic syn-
drome (Table 1). According to the CKD risk classification,
very high-risk (red zone) patients accounted for 65.8% of
patients with nephrotic syndrome (Fig. 2a) and 39.0% of
those with non-nephrotic syndrome (Fig. 2b).

The use of oral prednisolone was significantly higher in
patients with nephrotic syndrome (73.9%) than in those with
non-nephrotic syndrome (59.3%; P=0.032) (Table 1). The
mean dose of oral prednisolone in patients with nephrotic
syndrome (16.4 + 15.3 mg/day) tended to be higher than that
in those with non-nephrotic syndrome (11.7 +14.3 mg/day;

Table 1 Demographics

. All NS Non-NS P value
of nephrotic and non-
nephrotic syndrome in the N 258 199 59
national registry of clinical Age (years old) 51 (34, 65) 52 (36, 67) 47 (23, 59) 0.007
personal records of primary
membranoproliferative Age of onset (years old) 45 (21, 59) 45 (24, 63) 35 (14, 53) 0.010
glomerulonephritis Male, n (%) 134 (51.9%) 101 (50.8%) 33 (55.9%) 0.484
CKD G stage
Gl 35 (13.6%) 25 (12.6%) 10 (16.9%) 0.080
G2 52 (20.2%) 33 (16.6%) 19 (32.2%)
G3a 49 (19.0%) 42 (21.1%) 7 (11.9%)
G3b 60 (23.3%) 47 (23.6%) 13 (22.0%)
G4 44 (17.1%) 37 (18.6%) 7(11.9%)
G5 18 (7.0%) 15 (7.5%) 3(5.1%)
CKD A stage
Al 23 (8.9%) 11 (5.5%) 12 (20.3%) <0.001
A2 24 (9.3%) 14 (7.0%) 10 (16.9%)
A3 211 (81.8%) 174 (87.4%) 37 (62.7%)
Present treatment
Oral prednisolone 182 (70.5%) 147 (73.9%) 35 (59.3%) 0.032
IV methylprednisolone 16 (6.2%) 16 (12.8%) 0 (0.0%) 0.064
Cyclosporine 63 (24.4%) 51 (25.6%) 12 (20.3%) 0.407
Tacrolimus 8 (3.1%) 7 (3.5%) 1(1.7%) 0.479
Cyclophosphamide 5 (1.9%) 4 (2.0%) 1 (L.7%) 0.878
Mizoribine 38 (14.7%) 27 (13.6%) 11 (18.6%) 0.335
Mycophenolate mofetil 3(1.2%) 3 (1.5%) 0 (0.0%) 0.344
Rituximab 10 (3.9%) 9 (4.5%) 1(1.7%) 0.324
Dosage of present treatment
Oral prednisolone 155+15.1 16.4+15.3 11.7£14.3 0.055
IV methylprednisolone 656.3+239.4 656.3+239.4 - -
Cyclosporine 89.9+52.2 94.7+41.4 69.6£23.6 0.037
Tacrolimus 29+04 2.8+0.4 3.0 1.000
Cyclophosphamide 47.6+334 47.0£38.5 50.0 1.000
Mizoribine 128.3+31.9 129.6 +28.6 125.0+40.3 0.949
Mycophenolate mofetil 916.7+520.4 916.7+520.4 - -
Rituximab 550.0+497.0 550.0+£497.0 - -
Steroid-resistant NS 152 (58.9%) 123 (62.1%) 29 (49.2%) 0.083

Data are expressed as the mean +SD, median (interquartile range), or number (percentage). The P value
was derived from the Mann—Whitney U test for NS vs. non-NS

CKD chronic kidney disease, NS nephrotic syndrome
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(a) NS (b) Non-NS
Stage Al A2 A3 Subtotal Stage Al A2 A3 Subtotal
0 2 23 25 3 3 4 10
G1 Gl
0.0% 1.0% 11.6% 12.6% 5.1% 5.1% 6.8% 16.9%
4 3 26 33 4 4 11 19
G2 G2
2.0% 1.5% 13.1% 16.6% 6.8% 6.8% 18.6% 32.2%
42 63
21.1% a
47 G3b
23.6%
37 G4
18.6%
15 s
7.5%
131/199 23/59
|
Subtota 65.8%/100.0% | | U7t 39.0%/100.0%

Fig.2 Risk classification of chronic kidney disease of nephrotic (a)
and non-nephrotic (b) patients with primary membranoproliferative
glomerulonephritis. Green: low risk (if no other markers of kidney

P=0.055). The use of immunosuppressive drugs except for
prednisolone was higher in patients with nephrotic syndrome
than in those with non-nephrotic syndrome, but the differ-
ence was not significant (Table 1). In contrast, the mean dos-
age of cyclosporine was significantly higher in patients with
nephrotic syndrome (94.7 +41.4 mg/day) than in those with
non-nephrotic syndrome (69.6 +23.6 mg/day; P=0.037). As
for steroid responses, the steroid-resistant nephrotic syn-
drome was higher in patients with nephrotic syndrome than
in those with non-nephrotic syndrome (62.1% vs. 49.2%),
but the difference was not significant (Table 1).

Comparison among three age groups in patients
with primary MPGN

Patients were divided into three age groups: adolescent and
young adult (<39 years), middle adult (40-64 years), and
older adult (> 65 years) (Table 2). Females were dominant
in the adolescent, young adult, and middle adult groups,
whereas males were dominant in the older adult group. The
frequency of nephrotic syndrome was significantly higher
in the older adult group (91.0%) than in the adolescent and
young adult (72.5%, P <0.05) and middle adult (72.1%,
P <0.05) groups (Table 2). According to the CKD risk clas-
sification, very high-risk (red zone) patients accounted for
28.8% of adolescents and young adults, 65.8% of middle-
aged adults, and 86.6% of older patients (Fig. 3). The use
of oral prednisolone, cyclosporine, and mizoribine was sig-
nificantly higher in the adolescent and young adult groups
than in the middle-aged group, whereas the mean dosage
of oral prednisolone and mizoribine showed no differences
among the three age groups. The mean dosage of cyclo-
sporine was significantly higher in the middle adult group
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disease, no chronic kidney disease); yellow: moderately increased
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than in the adolescent and young adult group (107.0 £46.6
vs. 75.8 +35.0 mg/day, P <0.05). As for steroid responses,
steroid-resistant patients tended to be higher in the adoles-
cent and young adult group than in the middle-aged and
older adult groups (70.0%, 53.7%, and 54.1%, respectively),
but the difference was not significant.

Pathological findings in patients with primary
MPGN

Of the 114 cases of primary MPGN (designated intracta-
ble disease number 223), pathology findings were entered
in 88 cases. The most common finding was moderate dif-
fuse and global double contours of glomerular basement
membrane (GBM) (26.1%), followed by diffuse and global
lobular appearance with double contours of GBM (20.5%)
(Table S2). In a comparison of pathological findings between
nephrotic and non-nephrotic patients with primary MPGN,
the degree of arteriosclerosis was significantly higher in
nephrotic patients than in non-nephrotic patients; age was
also higher in nephrotic patients than in non-nephrotic
patients (Table S2).

Discussion

This study is the first to describe the clinical features and
real-world management of patients with primary MPGN
throughout Japan, including both the use and mean dosage
of immunosuppressants, according to a national database
with more than 250 patients.

The incidence of MPGN has been reported to range from
1.4 to 9.3 pmp/year [3], with a few exceptions. Moreover, the



Clinical and Experimental Nephrology (2023) 27:928-935 933

Table2 Demographics <39 y/o 40-64 ylo >65 ylo P value
of cases with primary
membranoproliferative N 80 111 67
f;‘;fgeeruloneph““s according s ge of enrollment (years old) 281,34 2(47,57)  T0(67,76)  <0.001%<
Age of onset (years old) 16 (12, 24) 46 (37, 54) 68 (64,71) <0.0012b¢
Male 39 (48.8%) 54 (48.6%) 41 (61.2%) 0.213
Nephrotic syndrome 58 (72.5%) 80 (72.1%) 61 (91.0%) 0.007%*
Present treatment
Oral prednisolone 64 (80.0%) 70 (63.1%) 48 (71.6%) 0.040%
IV methylprednisolone 5 (6.3%) 2 (1.8%) 9 (13.4%) 0.028°¢
Cyclosporine 29 (36.3%) 23 (20.7%) 11 (16.4%) 0.010%°
Tacrolimus 3 (3.8%) 5 (4.5%) 0 (0.0%) 0.226
Cyclophosphamide 1(1.3%) 2 (1.8%) 2 (3.0%) 0.743
Mizoribine 22 (27.5%) 9 (8.1%) 7 (10.4%) 0.001%°
Mycophenolate mofetil 3 (3.8%) 0 (0.0%) 0(0.0%) 0.035
Rituximab 3(3.8%) 3(2.7%) 4 (6.0%) 0.549
Dosage of present treatment
Oral prednisolone (mg/day) 154+164 14.2+14.0 17.6 +15.1 0.495
IV methylprednisolone (mg/day) 800.0+273.9 500.0+0.0 611.1+£220.5 0.226
Cyclosporine (mg/day) 75.8+35.0 107.0+46.6 91.4+19.1 0.043*
Tacrolimus (mg/day) 2.7+0.6 3.0+0.0 - 0.248
Cyclophosphamide (mg/day) 100.0 50.0+20.4 19.0£8.5 0.150
Mizoribine (mg/day) 125.0+37.0 147.2+8.3 114.3+24.4 0.054
Mycophenolate mofetil (mg/day) 916.7+520.4 - - -
Rituximab (mg/month) 500+0.0 366.7+230.9 733.3+680.7 0.487
Steroid-resistant 56 (70.0%) 36 (53.7%) 60 (54.1%) 0.053
Data are expressed as the mean + SD, median (interquartile range), or number (percentage)
NS nephrotic syndrome
P<0.05,<39 y/o vs. 40-64 ylo. °P<0.05,<39 ylo vs.>65 ylo. ‘P<0.05, 40-64 y/o vs.>65 ylo.
Kruskal-Wallis tests with Bonferroni-corrected P-values
(@) <39y/o (b) 40-64 y/o (c) 265 y/o
Stage Al A2 A3 Subtotal Stage Al A2 A3 Subtotal Stage Al A2 A3 Subtotal
B 5 25 33 0 0 2 2 0 0 0 0
Gl 3.8% 6.3% 31.3% 41.3% Gl 0.0% 0.0% 1.8% 1.8% Gl 0.0% 0.0% 0.0% 0.0%
0 4 16 20 5 2 20 27 3 i 1 5
G2 0.0% 5.0% 20.0% 25.0% G2 4.5% 1.8% 18.0% 24.3% G2
cl 13 29
11.3% 16.3% G3a 19.8% 26.1% G3a
9 9 19 24
11.3% 11.3% G3b 17.1% 21.6% G3b
5 17 18
6.3% G4 15.3% 16.2% G4
0 11 11
0.0% G5 9.9% G5 10.4%
23/80 91 73/111 58/67
15.0% 80.0% 28.8%/100.0% Subtotal 82.0% 65.8%/100.0% Subtotal 86.6%/100.0%
Fig.3 Risk classification of chronic kidney disease by three age Green: low risk (if no other markers of kidney disease, no chronic
groups in patients with primary membranoproliferative glomerulo- kidney disease); yellow: moderately increased risk; orange: high risk;

nephritis: adolescent and young adult group (<39 years) (a), middle red, very high risk
adult group (40-64 years) (b), and older adult group (> 65 years) (c).
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incidence has decreased over time (from about seven cases
pmp in the 1970s to about two cases pmp in the 1990-2000
period) [22, 23]. The decline in primary MPGN from the
1970s to the 2000s has also been reported in Japan [8]. In a
comprehensive epidemiological study in Australia in 2001
[24], MPGN lesions were observed in approximately 2-3
pmp in children (aged 5-14 years) and in approximately
1-10 pmp in adults (aged 14-75+ years), and the peak inci-
dence of MPGN was observed in patients aged 55-74 years.
In the present study, using the national registry of clinical
personal records, primary MPGN was present in all ages
with a bimodal pattern, showing an early peak at 5-19 years
and a later peak at 45-59 years, suggesting that the age dis-
tribution in Japan is similar to that worldwide, although
no data on the incidence pmp was available in Japan. A
European study of patients with MPGN reported that those
with higher age and more prevalent glomerular sclerosis at
diagnosis had inferior renal outcomes [25]. We have also
reported that higher age (per 10 years) was an independent
predictor for progression to ESKD in Japanese patients with
primary MPGN [12]. However, prognosis is influenced by
various factors, including histopathological findings, pres-
ence of comorbidities (e.g., hypertension or diabetes), and
treatment response. Therefore, further large and longitudi-
nal cohort are needed to obtain more accurate prognosis of
young-onset and post-middle-age-onset MPGN.

Using the J-RBR, we have previously reported the clin-
icopathological findings of primary MPGN, showing that
middle and older adults with primary MPGN had a higher
prevalence of nephrotic syndrome, clinical hyperten-
sion, heavy proteinuria, and hypoalbuminemia at the time
of biopsy than children with primary MPGN [11]. In the
present study, the ratios of nephrotic syndrome among the
three age groups (62.9 vs. 16.7 vs. 48.8%) were significantly
higher, whereas those of chronic nephritic syndrome (29.4
vs. 76.7 vs. 46.5%) were significantly lower, in older adults
than in children and middle adults, respectively. Similar to
the J-RBR, the median age at onset was higher for nephrotic
than for non-nephrotic syndrome (45 vs. 35 years, respec-
tively; P=0.010, Table 1) in the present study. Furthermore,
we showed that the use of oral prednisolone was signifi-
cantly higher in patients with nephrotic syndrome (73.9%)
than in those with non-nephrotic syndrome (59.3%), whereas
the mean dose of oral prednisolone was not significantly dif-
ferent between the two groups. Several previous reports in
Japan also reported the use of oral prednisolone at 70-80%
[8, 12], but they did not show that according to nephrotic or
non-nephrotic syndrome.

Regarding the comparison between the three age
groups, adolescent and young adult (<39 years) patients
with primary MPGN received a higher prescription rate
of oral prednisolone, cyclosporine, and mizoribine than
middle adult (40-64 years) patients, suggesting that
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steroid-resistant nephrotic syndrome is more common in
adolescent and young adult patients. In contrast, the mean
dosages of oral prednisolone and mizoribine showed no
differences among the three age groups, because nephrotic
syndrome was more common in older adults; therefore,
immunosuppressive treatment was required even in older
adults with primary MPGN.

This study has several limitations. First, the database does
not contain data on complications (e.g., hypertension and
diabetes), genetic testing, non-pharmacological therapy,
and patient outcomes. Furthermore, the database does not
contain data about urine protein levels, estimated glomeru-
lar filtration rate, serum albumin, and complement levels.
Second, we demonstrated the characteristics of primary
MPGN throughout Japan using descriptive analysis. How-
ever, temporal trend analysis would provide more clinically
relevant findings. Further studies using temporal trend analy-
sis are needed to reveal longitudinal demographic changes
and the rate of guideline-directed medical treatment. Third,
the pathological findings were only available in about one-
third of all cases. Fourth, we could not distinguish between
immune complex-mediated MPGN and C3 nephropathy [1]
because of the lack of immunostaining findings in this study.
Despite these limitations, we believe that the outcomes of
this study will help provide an insightful overview of the
clinical characteristics and features of patients with primary
MPGN throughout Japan, in addition to developing the opti-
mal management for these patients.

In conclusion, by analyzing a nationwide database of
more than 250 patients with primary MPGN in Japan, this
study revealed their clinical characteristics and provided
critical insights for developing optimal management strate-
gies for primary MPGN, which is a rare cause of nephrotic
syndrome and ESKD. Further investigations are needed to
improve the therapeutic strategies against primary MPGN
in Japan.
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