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Abstract

Histological classification is essential in the clinical management of immunoglobulin A nephropathy (IgAN). However,
there are limitations in predicting the prognosis of IgAN based on histological information alone, which suggests the need
for better prognostic models. Therefore, we defined a prognostic model by combining the grade of clinical severity with the
histological grading system by the following processes. We included 270 patients and explored the clinical variables associ-
ated with progression to end-stage renal disease (ESRD). Then, we created a predictive clinical grading system and defined
the risk grades for dialysis induction by a combination of the clinical grade (CG) and the histological grade (HG). A logistic
regression analysis revealed that the 24-h urinary protein excretion (UPE) and the estimated glomerular filtration rate (¢GFR)
were significant independent variables. We selected UPE of 0.5 g/day and eGFR of 60 ml/min/1.73 m? as the threshold
values for the classification of CG. The risk of progression to ESRD of patients with CG II and III was significantly higher
than that of patients with CG I. The patients were then re-classified into nine compartments based on the combination of CG
and HG. Furthermore, the nine compartments were grouped into four risk groups. The risk of ESRD in the moderate, high,
and super-high-risk groups was significantly higher than that in the low-risk group. Herein, we are giving a detailed descrip-
tion of our grading system for IgA nephropathy that predicted the risk of dialysis based on the combination of CG and HG.

Keywords Histological classification - Clinical classification - Renal biopsy - IgA nephropathy - Receiver-operating
characteristic analysis

Introduction

Immunoglobulin A nephropathy (IgAN) is the most preva-
lent form of primary chronic glomerulonephritis; 20-40% of
IgAN patients progress to end-stage renal disease (ESRD)
within 20 years from its onset [1, 2]. Numerous studies have
identified histological and clinical prognostic parameters.
Most previous studies have reported that the histological
grade, severe proteinuria, and a reduced renal function
were strong predictors of progression. Some studies have
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suggested that hypertension, age, and gender were also prog-
nostic factors. Histological classification for evaluating the
disease severity and deciding therapeutic strategies is essen-
tial in the clinical management of IgAN [3-5]. Recently,
an international working group created the Oxford classi-
fication of IgAN [6]. The Oxford classification, which was
consensus-based, defined pathologic lesions with acceptable
interobserver reproducibility and identified four prognostic
pathologic features based on a rigorous statistical analysis
(mesangial hypercellularity, endocapillary hypercellularity,
segmental glomerulosclerosis, and tubular atrophy/intersti-
tial fibrosis). However, the results of the validation studies
remain controversial [5], and most recently, a multicenter
study proposed addition of crescents scores to the original
Oxford/MEST classification [7].
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In our country, IgAN is often diagnosed in patients with a
relatively early stage of the disease who show asymptomatic
proteinuria with microhematuria or isolated microhematuria.
In the Clinical Practice Guidelines for IgA Nephropathy,
treatments with renin—angiotensin system (RAS) inhibitors
or corticosteroids were recommended to patients with sus-
tained proteinuria of > 0.5 g/day [8, 9]. Severe proteinuria
(=1 g/day) at the time of renal biopsy (RBx) is a well-known
prognostic factor of IgAN [10, 11]. On the other hand, in the
Oxford cohort, patients had severe proteinuria (mean, 1.7 g/
day) and the majority of patients were white race [6]. The
Special IgAN Study Group of the Progressive Renal Dis-
eases (IgAN-SG) developed an evidence-based histological
classification of IgAN that was suitable for predicting long-
term renal outcome of IgAN in Japan, because the optimal
threshold values and classifications could differ according
to the patient background and the outcome definitions in
different cohorts [12]. This Japanese histological classifi-
cation system demonstrated that pathological lesions that
independently predicted the progression to ESRD were
global sclerosis, segmental sclerosis, and fibrous crescents
in IgAN patients who required dialysis within <35 years
after biopsy (early progressors) and cellular/fibrocellular
crescents for those who required dialysis at 5-10 years after
biopsy (late progressors). The classification included four
histological grades, which identified the magnitude of the
risk of progression to ESRD. This classification was vali-
dated by Sato et al. and was well-correlated with the long-
term prognosis in their cohorts [13]. In our previous study,
however, 11 patients with a histological grade (HG) I, which
indicates the lowest risk of progression to ESRD (percent-
age of glomeruli exhibiting cellular/fibrocellular crescents,
global sclerosis, segmental sclerosis or fibrous crescents vs.
total glomeruli <25%) developed ESRD over the long-term
follow-up period [12]. The fact that these HG I progressed
to ESRD indicated that there are limitations in predicting
the prognosis of [gAN based on the histological variables at
the initial diagnosis alone, and suggested the need to create
better prognostic models.

To create better prognostic models, the special IgAN-SG
at first established a predictive grading system for assessing
the clinical severity based on the clinical variables associ-
ated with progression to ESRD. Furthermore, we defined a
prognostic model for predicting the risk of dialysis induc-
tion by combining the grade of clinical severity with the
histological grading system, and reported the prognostic
model in clinical guides for IgAN [9]. The essence of the
model was referred by the Clinical Practice Guidelines for
1gA Nephropathy [8]. However, details of the process of con-
structing the grading system have not been published yet.
Therefore, in this special report, we described the process
of constructing these grading systems, including the details
of the statistical analyses.

Process of constructing the grading system
Patient selection and measurements

The protocol of this analysis was the same as our previous
study [12]. Briefly, the multicenter retrospective case—con-
trol study was conducted in collaboration with 16 hospi-
tals. Primary IgAN was diagnosed based on the detection
of IgA-dominant mesangial immune deposits. Patients with
systemic diseases were excluded. The inclusion criteria were
as follows: (1) the detection of > 10 glomeruli in a paraffin
section under light microscopy; (2) the patient progressed to
ESRD requiring chronic dialysis or was followed for at least
5 years after renal biopsy without the need for dialysis; and
(3) the patient’s clinical course and therapies including—but
not limited to—corticosteroids, renin—angiotensin system
(RAS) inhibitors, immunosuppressive drugs, and tonsillec-
tomy, before and after renal biopsy were available. Primary
IgAN patients satisfying these criteria were registered from
each hospital. Renal biopsies were performed from February
1980 to January 2002.

The clinical and laboratory characteristics of the patients
are shown in Table 1. Among 287 patients in our previous
study [12], 270 patients who had no missing values for 24-h
urinary protein excretion (UPE) or eGFR at the time of RBx
were analyzed to construct this grading system. At the end of
the follow-up period, the UPE data, whose mean value was
0.92 g/day, were available from 209 patients. Forty-eight
patients (18%) progressed to ESRD during the follow-up
period. In addition, the patients were stratified according
to their prognosis. A number of patients, age, UPE, serum
creatinine, eGFR, serum uric acid, number of patients with
hypertension and mean arterial pressure at the time of RBx,
and observation period at the end of follow-up were sig-
nificantly different between ESRD (+) group and ESRD (-)

group.

The construction of a system for grading the risk
of dialysis induction using the combination
of histological and clinical severity

A system for grading the risk of dialysis induction of [gAN
was constructed as follows, and Fig. 1 also shows the process
by flowchart.

Step 1: The histological classification of IgAN
predicting the risk of dialysis induction

First, the special IgAN-SG at first established the histo-

logical classification of IgAN [12]. Briefly, the associa-
tion between pathological variables and the incidence of
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Table 1 Clinical and laboratory characteristics of the patients

Characteristic Whole patients Prognosis
ESRD (+) ESRD (-) P
Number of patients [Male (%)] 270 [136 (50)] 48 [32 (67)] 222 [104 (47)] 0.017
At the time of biopsy
Age (years) 35.6+14.1 41.2+15.2 344+13.6 0.002
Number of patients < 18 years of age (%) 26 (9.6) 4(8.3) 22.(9.9) 0.798
Duration from onset to biopsy (months) (IQR) 30 (12-72) 48 (12-86) 24 (11-72) 0.312
UPE (g/day) (IQR) 0.81 (0.37-1.80) 1.80 (1.07-3.31) 0.70 (0.30-1.50) <0.001
SCr (mg/dl) 0.93+0.63 1.54+1.18 0.80+0.29 <0.001
eGFR (ml/min/1.73 m?) 79.8+30.6 55.8+28.5 85.0+28.5 <0.001
SUA (mg/dl) 5.94+1.49 6.67+1.44 5.79+1.46 0.001
Number of patients with hypertension (%) 89 (33) 26 (54) 63 (28) 0.001
MAP (mmHg) 93.9+15.7 103.3+16.2 91.9+14.9 <0.001
Number of patients with severe hematuria (%) 72 (31) 6 (18) 66 (34) 0.072
At the end of follow-up
Observation period (years) (IQR) 10.0 (6.3-12.6) 7.6 (4.2-11.4) 9.7 (6.7-12.8) <0.001
Number of patients with ESRD (%) 48 (18) 48 (100) 0(0)

The values are expressed as the number (%), median (IQR), or mean=+SD. Hypertension was defined as a systolic blood pressure of
>140 mmHg or a diastolic blood pressure of >90 mmHg, and/or taking antihypertensive drugs at RBx. Severe microscopic hematuria was
defined based on the presence of > 100 urinary erythrocytes per high-power field [12]. The patients were stratified according to their prognosis.
Difference of baseline characteristics between ESRD (+) group and ESRD (—) group was examined using ¢ test, Mann—Whitney U test, or Chi-

square test

eGFR estimated glomerular filtration rate, ESRD end-stage renal disease, /QR interquartile range, MAP mean arterial pressure, SCr serum creati-

nine, SUA serum uric acid, UPE 24-h urinary protein excretion

287 patients undergoing renal biopsy who satisfied

(1) detection of >10 glomeruli in a paraffin section

(2) at least 5 years-follow up after renal biopsy

(3) patient’s clinical course and therapies were available
were collected.

Excluded 17 patients with
incomplete laboratory data

Histological severity (Reference [12]) |

} }

Analysis of prognostic Analysis of prognostic
histological factors clinical factors

! l

Classification of histological severity Classification of clinical severity
by combining prognostic histological by combining prognostic clinical
variables variables

| |

Grading system using the combination of
clinical and histological grades (this report)

| Clinical severity (this report)

Fig.1 Process of constructing the grading system that predicts the
risk of dialysis induction in IgA nephropathy patients. The inclusion
criteria, steps of constructing histological classification, clinical clas-
sification, and grading system are shown

subsequent ESRD were examined using multivariate logis-
tic regression analysis separately in patients who required
dialysis earlier than 5 years (Early Progressors) and those
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who required dialysis within 5 to 10 years (Late Progres-
sors) after RBx. Independent pathological variables predict-
ing to ESRD were global sclerosis, segmental sclerosis and
fibrous crescents for Early Progressors, and global sclerosis
and cellular/fibrocellular crescents for Late Progressors.
Four histological grades, HG I, HG II, H III, and HG IV,
were established corresponding to <25%, 25-49%, 50-74%,
and 75% < of glomeruli exhibiting cellular of fibrocellular
crescents, global sclerosis, segmental sclerosis, or fibrous
crescents. Eleven (7%) patients in HG I, 12 (16%) in HG
II, 13 (31%) in HG III and 13 (68%) in HG IV progressed
to ESRD. Multivariate logistic analysis revealed that the
risk of progression to ESRD was significantly higher in HG
I, III, and IV than in HG I [odds ratio (OR) (95% confi-
dence interval), 2.4 (1.02-5.79), 5.7 (2.33-13.99) and 27.6
(8.77-86.69) vs. 1.0].

Step 2: The analysis of factors associated with renal
progression

Second, to evaluate clinical factors associated with pro-
gression to ESRD, we examined the association between
the clinical variables at the time of RBx with the inci-
dence of subsequent ESRD using univariate and multivari-
ate logistic regression analyses. As shown in Table 2, the
univariate logistic regression analysis revealed that UPE,
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Table 2 Association between the clinical parameters and progression to ESRD

Variables Univariate analysis Multivariate analysis

OR 95% C1 p Model 1 Model 2
OR 95% CI D OR 95% CI D

UPE, per 1 g/day 1.70 1.38-2.09 <0.001 1.69 1.29-2.20 <0.001 1.61 1.20-2.17 0.002
eGFR, per 10 ml/min/1.73 m? 0.65 0.56-0.76 <0.001 0.64 0.50-0.83 0.001 0.64 0.49-0.84 0.001
SUA, per 1 mg/dl 1.50 1.17-1.92 0.001 1.19 0.84-1.69 0.323 1.20 0.84-1.71 0.316
Age, per 10 years 1.42 1.13-1.79 0.003 0.66 0.43-1.02 0.059 0.69 0.44-1.08 0.103
Gender (male) 227 1.18-4.37 0.014 0.88 0.31-2.50 0.803 0.91 0.31-2.62 0.855
Hypertension (yes) 3.11 1.63-5.92 0.001 1.20 0.43-3.35 0.728 1.28 0.45-3.66 0.646
Severe hematuria (yes) 0.422 0.17-1.07 0.069 0.43 0.14-1.40 0.162 0.40 0.12-1.31 0.130
Corticosteroids (yes) 2.57 1.36-4.86 0.004 1.52 0.53-4.35 0.438
RAS inhibitors (yes) 1.92 0.85-4.33 0.117 0.65 0.15-2.89 0.572

The univariate and multivariate analyses of the factors associated with progression to ESRD were performed using logistic regression

ClI confidence interval, eGFR estimated glomerular filtration rate, ESRD end-stage renal disease, OR odds ratio, RAS renin—angiotensin system,

SUA serum uric acid, UPE 24-h urinary protein excretion

eGFR, SUA, age, gender (male), and hypertension were
significantly associated with progression to ESRD, while
the multivariate logistic regression analysis showed that
UPE and eGFR were independently associated with pro-
gression to ESRD (Model 1). To elucidate the effects of
individual treatments on the predictive values of selected
variables, we adjusted these variables for the use of both
corticosteroids and RAS inhibitors (Model 2) during the
follow-up period. As a result, UPE and eGFR at the time
of RBx were still independently associated with progres-
sion to ESRD.

Table 3 ROC analysis of the risk of progression to ESRD

Step 3: The classification of clinical severity
by combining UPE and the eGFR

Third, to assess the accuracy of the selected clinical prog-
nostic variables, we performed a receiver-operating charac-
teristic (ROC) analysis. As a result, UPE and eGFR had an
area under the ROC curve value of 0.774 and 0.777, respec-
tively. We then selected the typical threshold values for UPE
and eGFR, and the sensitivity and specificity were calculated
for the individual threshold values (Table 3). We further
calculated the positive likelihood and negative likelihood

A. UPE

UPE (g/day) Sensitivity (%) Specificity (%) Positive likelihood ratio Negative
likelihood
ratio

0.5 95.8 39.5 1.58 0.11

1.0 81.3 62.7 2.18 0.30

2.0 44.8 82.2 2.52 0.67

B. eGFR

eGFR (ml/min/1.73 m?) Sensitivity (%) Specificity (%) Positive likelihood ratio Negative
likelihood
ratio

90 87.5 37.6 1.40 0.33

60 61.4 83.3 3.68 0.46

30 27.0 97.1 9.31 0.75

The UPE and eGFR had an area under the ROC curve of 0.774 and 0.777, respectively. The sensitivity and specificity values were obtained by
an ROC analysis. The positive likelihood ratio was calculated by the following equation: Sensitivity/(1-Specificity). The negative likelihood ratio
was calculated by the following equation: (1-Sensitivity)/Specificity

eGFR estimated glomerular filtration rate, ESRD end-stage renal disease, RAS renin—angiotensin system, ROC receiver-operating characteristic,
SUA serum uric acid, UPE 24-h urinary protein excretion
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(Table 3). Next, we applied the candidate UPE values and
eGFRs to a prognostic-predictive equation [threshold score
(—1.86)=0.722 +0.364 x UPE — 0.046 X eGFR] which was
associated with the risk of future ESRD in 116 Japanese
IgAN patients in a previous report [14]. In this formula,
—1.86 was the threshold score that suggested better prognos-
tic-predictive accuracy in the analysis [14]. The combination
of UPE 0.5 g/day and eGFR 60 ml/min/1.73 m? was one
of the combinations that provided a suitable prognostic-
predictive equation. We, therefore, selected UPE 0.5 g/day
and eGFR 60 ml/min/1.73 m? as the threshold values for the
following analyses.

Fourth, the patients were classified according to the com-
bination of threshold values of the prognostic variables. The
patients were classified into four classes according to the
combination of UPE 0.5 g/day and eGFR 60 ml/min/1.73 m?
(Table 4). There was a significant difference in the incidence
of ESRD among the four classes (p <0.001). Moreover, the
incidence of ESRD in Class 4 was significantly higher than
that in Classes 1 (p <0.001) and 3 (p <0.001). Because none
of the patients in Class 2 progressed to ESRD, we combined
Class 1 and Class 2. Thus, the patients were re-classified
into three clinical grades (CGs) (CG I, CG II, and CG III)
(Table 4). The patients in CG I were assigned as the refer-
ence group in this analysis. The patients in CG II and CG III
were found to have significantly higher ORs (6.4, p <0.01;
and 42.5, p <0.001, respectively), in comparison with the
reference group (Table 4).

Step 4: A grading system using the combination
of clinical and histological grades to predict the risk
of dialysis induction

Finally, we constructed a system for grading the risk of
dialysis induction based on the combination of the grade of

clinical severity and the HG. To construct a grading system,
we modified four HGs (HG I, HG II, HG III, and HG IV) in
the original study [12] into three HGs by combining HG III
and HG IV, because the number of patients in HG IV was
considerably low (6.6%), and the patients in both HG III and
HG IV had a higher risk of progression to ESRD. Thus, the
patients were classified into nine compartments by combin-
ing three CGs (CG I, CG II, and CG III) with three HGs
(HG I, HG II, and HG III+1V) (Table 5). The incidence of
ESRD in “HG I and CG I” was 1.4%; this compartment was
assigned as the reference group in the subsequent analy-
ses. The ORs of each compartment in comparison with the
reference group were then calculated by logistic regression
analyses. Consequently, as CG (HG) advanced in patients
with the same HG (CG), the ORs were observed to increase
incrementally in both directions. The “HG III+1V and CG
III” compartment showed the highest risk of ESRD; the
patients in this compartment had an OR of 130 (p <0.001).

Furthermore, we grouped the 9 compartments into 4 risk
groups with similar ORs [i.e., low risk (reference), moder-
ate risk (OR < 14), high risk (14 <OR < 50), and super-high
risk (50 <OR)] (Table 5). In the present study, none of the
patients in “HG II and CG I”” progressed to ESRD. However,
we assigned this compartment as a moderate risk group,
because the ORs gradually increased as HG advanced in
patients with CG II or CG III. The incidence of ESRD in
each risk group and the OR of each risk group in compari-
son with the reference group (low-risk group) are calculated
and are summarized in Table 6. Thus, the patients in the
moderate, high, and super-high-risk groups had ORs of 9.0
(»<0.05),23.0 (p<0.01), and 130 (p <0.001), respectively.

The clinical and histological characteristics, and the per-
centage of the patients treated with corticosteroids, RAS
inhibitors, or immunosuppressive drugs during the follow-
up period are summarized in Table 7. From the low-risk

Table 4 Classification of

. . . Class UPE (g/day) eGFR (ml/ Incidence of ESRD (%) Clinical grade OR (95% CI) p
patients according to the clinical . 2
min/1.73 m”)
parameters
Class-1 <0.5 60< 2/80 (2.5) C-Grade I Reference
Class-2 <0.5 <60 0/7 (0)
Class-3  0.5< 60< 16/123 (13) C-Grade 1T 6.4 (1.4-28.4) 0.015
Class-4 0.5< <60 30/60 (50)° C-Grade 11T 42.5(9.6-189) <0.001

The patients were classified into four classes according to the combination of the UPE level and the eGFR
at the time of RBx. The incidence of ESRD is shown as the number of patients who progressed to ESRD/
number of patients. The difference in the incidence of ESRD among the four classes was examined using
the Kruskal-Wallis test (p <0.001). Inter-group comparisons in classes were examined using the Steel—
Dwass test; statistical significance was indicated as follows: *p <0.001, Class-1 vs. Class 4; bp<0.001,

Class-3 vs. Class-4

The patients were re-classified into three clinical grades (GGs) by combination of the UPE level and the
eGFR at the time of RBx. Class-1+ Class-2, Class-3, and Class-4 were equivalent to CG I, CG 1II, and CG
III, respectively. The OR was determined by a logistic regression analysis

CI confidence interval, eGFR estimated glomerular filtration rate, ESRD end-stage renal disease, OR odds
ratio, RBx renal biopsy, UPE 24-h urinary protein excretion
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Table 5 Classification and the
risk of progression to ESRD
according to the combination
of the clinical grade and the

histological grade

Clinical grade

Histological grade

H-Grade I H-Grade II H-Grade III+1V

C-Grade I

Incidence of ESRD (%) 1/72 (1.4) 0/10 (0) 1/5 (20)

OR (95% CI) Reference 0 17.8 (0.9-339)

Risk groups Low risk (Reference) Moderate risk High risk
C-Grade II

Incidence of ESRD (%) 7/64 (11) 6/41 (15) 3/18 (17)

OR (95% CI) 8.7 (1.0-73) 12.2 (1.4-105) 14.2 (1.4-146)

Risk groups Moderate risk Moderate risk High risk
C-Grade III

Incidence of ESRD (%) 2/5 (40) 6/21 (29) 22/34 (65)

OR (95% CI) 47.3 (3.3-679) 28.4 (3.2-254) 130 (16-1058)

Risk groups High risk High risk Super-high risk

The patients were classified into nine compartments according to the combination of the clinical grade and
the histological grade. Then, nine compartments were grouped into four groups with similar ORs. The OR
was examined by a logistic regression. The incidence of ESRD is shown as the number of patients who
progressed to ESRD/number of patients. The OR was determined by a logistic regression analysis. The
table was re-described from reference [8, 9] and modified

CI confidence interval, ESRD end-stage renal disease, OR odds ratio

Table 6 OR for the risk of the progression to ESRD in the four risk
groups

Risk group Num- Incidence  OR (95% CI) )4

ber of of ESRD

patients (%)
Low risk 72 1(1.4) Reference
Moderate risk 115 13 (11) 9.0 (1.16-70.7)  0.036
High risk 49 12 (24) 23.0 (2.89-184) 0.003
Super-high risk 34 22 (65) 130 (16.0-1058) <0.001

Incidence of ESRD and ORs in each risk group is shown. The OR
progressively increased from the low-risk group to the super-high-
risk group. The OR was determined by a logistic regression analysis

CI confidence interval, ESRD end-stage renal disease, OR odds ratio

group to the super-high-risk group, severity of both clini-
cal and histological characteristics progressively increased.
Likewise, the percentage of patients receiving corticoster-
oids gradually increased as the risk of dialysis induction
increased, with 67% of the patients in the super-high-risk
group receiving corticosteroids.

Discussion and comments

The present special report provided the process of construct-
ing the grading system for the risk of dialysis by combining
the grade of clinical severity with the histological grading

Table 7 Summary of the clinical and histological characteristics and the treatments during the follow-up period

Clinical characteristics

Histological characteristics

Treatments (%)

Risk group UPE (g/day) eGFR (ml/ Number of patients of Corticos- RAS Immunosup- Tonsillectomy
min/1.73 m?) H-grade (H-Grade I, 11, teroids inhibitors  pressive drugs
I+1v)
Low risk 0.25+0.13 98.5+25.9 72,0,0 13 49 1.4 4.2
Moderate risk 1.52+1.38 87.6+24.9 64,51,0 40 78 2.6 7.8
High risk 1.66+1.17 61.6+23.2 5,21,23 47 90 0 6.1
Super-high risk 2.78+1.89 40.4+14.0 0,0,34 67 91 12 0

The clinical and histological characteristics and the percentage of the patients who received the treatment during the follow-up period in each
risk group are shown. The values of UPE and eGFR are expressed as mean +SD

eGFR estimated glomerular filtration rate, UPE 24-h urinary protein excretion, RAS renin—angiotensin system
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system [12]. To the best of our knowledge, no grading sys-
tem for IgAN has included both the clinical and histological
grades (Table 5).

So far, several representative histological grading systems
have been reported; however, there are some differences in
included histological lesions among these reports (Table 8).
Haas et al. [15], Manno et al. [16], and the Oxford classifica-
tion in 2009 [6] evaluated glomerular and tubulo-interstitial
lesions. Likewise, recently reported the Oxford classifica-
tion in 2016 [7, 17] also evaluated glomeruar and tubulo-
interstitial lesions. Katafuchi et. al. examined glomerular,
tubulo-interstitial, and vascular lesions; then, they concluded
that glomerular score more closely related to renal outcome
than those according to total score including glomerular,
tubulo-interstitial, and vascular lesions [18]. On the other
hand, Lee et al. constructed the refined HS Lee grading sys-
tem focusing simply on glomerular lesions [19], like as our
histological classification system [12]. As the reasons for
constructing histological grading system using only glomer-
ular lesions, Kawamura et al. discussed that global sclerosis
had a high statistically significant association with interstitial
fibrosis, and global sclerosis showed outstanding reproduc-
ibility in the Oxford classification [12].

Interestingly, when the patients in HG I, which showed
the best prognosis among the four HGs, were classified
into three classes according to the three CGs, the ORs
for the risk of progression to ESRD increased as the CG
advanced (ORs of [HGI — CG ], [HGI — CG II] and [HG
I — CG III] were 1 (Reference), 8.7 and 47.3, respectively.).
Likewise, when the patients in HG III + HG IV, whose his-
tological classification was associated with a poor prog-
nosis [12], were classified into three classes according to
their CGs, the ORs increased as the CG advanced (ORs of
[(HG II+HG IV) — CG 1], [(HG IT+HG IV) — CG 1I]
and [((HG I+ HG IV) — CG III] were 17.8, 14.2, and 130,
respectively.). These results suggest that the combination
of the CG and HG improved the accuracy in predicting

the progression to ESRD, in comparison with either grade
alone, in patients with IgAN. Furthermore, we defined four
dialysis induction risk groups by grouping nine compart-
ments into four groups based on the magnitude of ORs
(Table 5). The logistic regression analysis revealed that
the ORs for the risk of progression to ESRD significantly
and progressively increased from the low-risk group to the
super-high-risk group (Table 6). Of note, the patients in
the super-high-risk group received various kinds of treat-
ments, including corticosteroids (Table 7), suggesting that
the extremely high OR of the super-high-risk group was
not due to insufficient treatment.

Numerous studies have reported on the clinical and
histological prognostic factors at the diagnosis of IgAN
[2-6, 12, 15—-19]. Most of these previous studies reported
that severe proteinuria, a reduced renal function, and his-
tological grading predicted disease progression, while
some studies suggested that hypertension at RBx, severe
hematuria, age, and gender were also prognostic factors.
In our cohort, the multivariate logistic analysis revealed
that proteinuria and the eGFR were significant independ-
ent variables, whereas hypertension, severe hematuria,
age, and gender were not independently associated with
progression to ESRD.

Prior to this analysis, several studies have used ROC
analyses to investigate combinations of prognostic vari-
ables that could improve the accuracy in predicting future
disease progression. In the Nord-Trondelag Health Study,
a CKD classification that combined albuminuria and the
eGFR improved prediction of ESRD [20]. Furthermore,
in IgAN patients, the combination of proteinuria and the
eGFR improved the accuracy in predicting the development
of ESRD in comparison with either factor alone [14]. Thus,
it is suggested that the inclusion of both proteinuria and the
eGFR in the prediction model of the present analysis may
help to improve the accuracy in predicting the risk of future
ESRD in IgAN patients.

Table 8 Comparison of included histological lesions among histological grading systems

Reference Histological lesions

Glomerular lesions Tubulo-intersti- Vas-
- - tial lesions cular

Mesangial Endocapillary Glomerulo- Focal segmen- Crescent lesions
cellularity proliferation sclerosis tal sclerosis

Haas et al. [15] X X X X X X

Manno et al. [16] X X X X X X

Oxford classification 2009 [6] X X X X

Oxford classification 2016 [7, 17] X X X X X

Katafuchi et al. [18] X X X X X X

Leeetal. [19] X X X X

Kawamura et al. [12] X X X

x included histological lesion
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The optimal threshold values and classification may dif-
fer according to the patient background and the definition of
the outcome. We selected our threshold values based on the
following reasons. First, Imai et al. reported that Japanese
IgAN patients are often diagnosed at a relatively early stage
when they show asymptomatic proteinuria with microhe-
maturia or isolated microhematuria, which can be found in
the annual urinary screening system (kenshin), and many
Japanese nephrologists believe that IgAN patients with early
stage or mild proteinuria respond readily to treatment with
RAS inhibitors or corticosteroids, while those with severe
proteinuria (> 1.0 g/day) and a reduced creatinine clear-
ance <70 ml/min are often resistant to these treatments
[21]. In addition, they also hypothesized that a therapeu-
tic ‘golden period’ may exist when patients have moder-
ate proteinuria < 1.0 g/day [21]. Furthermore, some IgAN
patients with even mild proteinuria (< 0.4 g/day) or early
stage IgAN showed a progressive course [22, 23]. Thus, we
regarded sustained proteinuria at > 0.5 g/day as the level at
which treatment should be initiated. Second, CKD is defined
based on a GFR of 60 ml/min/1.73 m2, and various clinical
events are associated with a GFR of < 60 ml/min/1.73 m? for
a period > 3 months—even in the absence of known struc-
tural alterations [24]. Third, the combination of the thresh-
old values of UPE 0.5 g/day and eGFR 60 ml/min/1.73 m?
produced a suitable prognostic-predictive equation [thresh-
old score (=-1.86)=0.722+0.364 x UPE —0.046 X eGFR]
[14]. Thus, we selected UPE 0.5 g/day and eGFR 60 ml/
min/1.73 m? as the threshold values in the present analysis.
Although these threshold values might not have been statisti-
cally optimal for the cohort of the present analysis, by divid-
ing patients into three clinical grades using these values,
the ORs for the risk of progression to ESRD were found to
increase significantly from CG I to CG III (Table 4).

The KDIGO 2012 Clinical Practice Guidelines, which are
accepted worldwide, reported the prognostic classification
of CKD [24]. The classification consisted of 3 parameters
(the cause of CKD, the category of GFR, and the category
of albuminuria), and a GFR-albuminuria grid reflected the
risk of CKD progression. Although the classification clearly
showed that the risk of CKD progression increased with an
advancement in the GFR and/or albuminuria categories, this
classification system consisted of clinical parameters alone.
In addition to the clinical prognostic parameters, various his-
tological parameters are correlated with the renal prognosis
in IgAN patients. However, the previous studies by us [12]
and others [1] showed that nearly 10% of IgAN patients with
the lowest histological grade or minor glomerular lesions
progressed to ESRD. The discrepancies between the minor
glomerular injury and progression to ESRD suggested that
evaluating the prognosis of IgAN based on histological
parameters alone is associated with some limitations. This
led us to create better prognostic models that combined

predictive clinical variables with the histological grades.
Aside from our analysis, Barbour et al. recently reported that
the risk prediction in IgAN could be significantly improved
by adding the histological severity (Oxford MEST) to the
clinical data (proteinuria) at RBx [25], suggesting the valid-
ity of our strategy.

The present analysis is associated with several limitations.
First, the present analysis evaluated prognostic clinical and
histological parameters at RBx and constructed the grad-
ing system. However, we could not fully clarify the effects
of each therapy on the renal outcome because of the lim-
ited sample size and design of a retrospective case—control
study. Second, because the clinical data were only available
at the time of RBX, and at the end of the follow-up period,
the assessments of the clinical course were limited. Thus,
a further long-term prospective study with a large sample
size will be necessary to assess the therapeutic effects on
the renal outcome, the validity and reliability of the present
grading system in IgAN.

In summary, the combination of the clinical grade and the
histological grade improved the accuracy with which the risk
of progression to ESRD could be predicted in IgAN patients
in comparison with the clinical grade or the histological
grade alone. The results suggest that our grading system for
predicting the long-term prognosis of [gAN may be useful
for the management of individual patients with [gAN.
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