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Introduction: The usefulness of the Oxford classification (MEST-C score) for deciding the management
approach for IgA nephropathy (IgAN) remains unclear.

Methods: Effects of steroid therapy on the long-term prognosis for all 858 patients with IJAN and patients
classified according to each MEST-C score were evaluated using Kaplan-Meier and Cox regression ana-
lyses. Steroid responder score (SRS) and steroid nonresponder score (SNRS) were determined using
individual pathology scores when steroids were found to be independently associated, or not, with clinical
benefits. In addition, the effects of steroid therapy according to the total SRS/SNRS were analyzed.

Results: Steroid therapy improved the 20-year renal survival rates of patients with IgAN after matching
(steroids[+] vs. steroids[—]; estimated glomerular filtration rate [eGFR] [mI/min per 1.73 m?]: 79.4 vs. 77.0,
not significant; proteinuria [g/d]: 0.80 vs. 0.62, not significant; renal survival rate: 75.5% vs. 61.7%; P =
0.025) and of patients with M1, E1, S1, C1+2, and TO scores. Therefore, we considered the total of the M1,
E1, S1, and C1+2 scores (point 0: low, 1-2: medium, and 3-4: high) as the SRS and the total of the T1+2
scores (0: low and 1: high) as the SNRS. Multivariate Cox regression analyses revealed that steroid therapy
improved the renal prognosis of patients with IgAN with high SRS and any SNRS, unlike patients with
IgAN with medium SRS and any SNRS.

Conclusion: Patients with M1, E1, S1, and C1+2 scores responded to steroid therapy; however, those with
T1+2 scores did not. Although a high SRS was a useful indicator for steroid therapy, SNRS indicated
resistance to steroid therapy.
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See Commentary on Page 3 predictive lesions as follows: mesangial hypercellularity
(M), endocapillary hyper cellularity (E), segmental scle-

he first report of IgAN was published by Berger rosis (S), and tubule-interstitial fibrosis (T)."”'® There

more than 50 years ago.] Since then, the beneficial
effects of treatment strategies for the prevention of
progression to end-stage renal disease (ESRD) have
been reported.2 ® Indications for these therapies are
generally decided based on disease activity, such as
proteinuria and hematuria levels, renal function, and
the background of the patient, including age, presence
of hypertension, and comorbidities.” ’ Histologic
findings should also be considered, and several vali-
dation and classification systems that predict the renal
prognosis have been reported.'” " In 2009, the Inter-
national IgAN Network and Renal Pathology Society
established the Oxford classification, which considers 4
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have been several validation studies of the Oxford
classification system (MEST score) as a prognostic
tool,"”'® and the Oxford classification has been widely
recognized to be useful for predicting prognoses; how-
ever, only a few studies have investigated the in-
dications for steroid therapy according to the MEST
score.'” ?! The European Validation Study of the Oxford
Classification of IgAN (VALIGA) indicated that steroid/
immunosuppression blunted the predictive abilities of
MST scores of the Oxford classification.'” Furthermore,
other studies have revealed the responses of IgAN to
steroid/immunosuppressants in patients with each
MEST score.”””' In 2017, crescent formations (C) were
added to the original Oxford classification (MEST-C).**
Because E and C scores were added to the Oxford clas-
sification to indicate steroid treatment for improving
19162223 the Oxford classification should
be used more frequently to confirm indications for

renal outcomes.
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[ 1147 patients with primary IgAN diagnosed at our institution were enrolled ]

289 excluded due to:
149: Glomeruli <8

A 4

101: Observation period <1 year without achieving ESRD
13: Other immunosuppressors
26: Two or more of the aforementioned reasons

858 Patients with IgAN

413: Treated with steroid therapy
445: Not treated with steroid therapy

H‘ Adjusted by propensity score matching ‘

358 Patients with IgAN
179: Treated with steroid therapy
179: Not treated with steroid therapy

l Divided by each MEST-C score and shown as patients treated with steroid therapy vs. patients not treated with steroid therapy in each group |

v v v v v

v v v v v

MO M1 EO El SO
180vs. 258 | 233 vs. 187 166vs.307 | 247 vs. 138 99vs. 140

S1 T0 T1+2 Co C1+2
314vs. 305 302vs.323 | 111vs.122 146vs.303 | 267 vs. 142

v ! v v v

v v v v v

Adjusted clinical and histological findings and treatments according to propensity score matching

MO M1 EO E1l SO 51 T0 T1+2 Cco C1+2
92vs.92 | 77 vs.77 80vs.80 | 96 vs.96 38 vs.38 | 136vs. 136 120vs.120 | 49 vs. 49 73 vs.73 | 101vs. 101
M1, E1, S1, and C1+2 comprised the steroid responder score (SRS) (low: 0 point, medium :1-2 points, and high: 3-4 points),
and T1+2 comprised the non-responder score (SNRS) (low: 0 point, and high: 1 point).

Subsequently, analyses of the effect of steroid therapy on the patients with each SNS/SRNS were performed.

Figure 1. Flow diagram of patient recruitment and enrolment. C, cresc

ent formations; E, endothelial hypercellularity; ESRD, end-stage renal

disease; IgAN, IgA nephropathy; M, mesangial hypercellularity; S, segmental sclerosis; SNRS, steroid nonresponder score; SRS, steroid

responder score; T, tubule-interstitial fibrosis.

steroid therapy. A recent analysis of VALIGA indicated
an association between the C score and the rate of eGFR
loss only in patients not treated with steroids/immuno-
suppressants, indicating steroids/immunosuppressants
improved the status of patients with C scores.”* Patho-
logic findings are indications for steroid therapy; how-
ever, how to use the Oxford classification to determine
indications for steroid therapy remains unknown.
Therefore, we analyzed the clinical utility of the Oxford
classification for making decisions regarding steroid
therapy. First, we confirmed the beneficial effects of
steroid therapy for IgAN in our cohort and the re-
sponses of patients with each MEST-C score to steroid
therapy. Subsequently, based on those results, we
introduced a new method of determining indications for
steroid therapy using the total MEST-C score based on
the responses to steroid therapy using the Oxford
classification.

METHODS

Study Design and Participants

In this study, 1147 patients diagnosed with having
primary IgAN at the Tokyo Women’s Medical Uni-
versity between 1974 and 2015 were enrolled. Of these
patients, we selected 858 patients with >8 glomeruli,
according to renal biopsy results, who consequently
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underwent observation for at least 1 year unless ESRD
occurred within 1 year. Patients with IgAN treated
with immunosuppressive agents other than steroid
therapy and with systemic diseases, such as systemic
lupus erythematosus, liver cirrhosis, and IgA vasculitis
with nephritis, were excluded. Furthermore, for all
patients and for each patient with MO, M1, EO, El, SO,
S1, TO, T1+42, CO, and C1+2 scores, the 20-year prog-
noses of patients treated with and without steroid
therapy were compared using the Kaplan-Meier anal-
ysis. Steroid therapy for each patient with MO, M1, EO,
El, SO, S1, TO, T1+2, CO, and Cl1+2 scores was addi-
tionally analyzed to determine the relation of its use
with renal prognosis according to univariate and
multivariate Cox regression analyses. On the basis of
the results of those analyses and the indications of each
MEST-C score for steroid therapy, the SRS and SNRS
were determined. The effects of steroid therapy on the
renal prognoses of patients based on both the total SRS
and total SNRS were analyzed using univariate and
multivariate Cox regression analyses (Figure 1).

This retrospective cohort study was conducted in
accordance with the Declaration of Helsinki and was
approved by the Medical Ethics Committee of the
Tokyo Women’s Medical University (reference #5104-
R). All patients were able to view the announcements
of our study by visiting our institution’s website, and
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they were provided the opportunity to ask questions
and discuss the study with us.

Diagnosis of IJAN and Histologic Evaluation of
Renal Biopsy Specimens

Histologic findings were graded according to the Ox-
ford classification,'”'“** which scores 5 key pathologic
features of each specimen. Mesangial hypercellularity
was scored as MO if >50% of the glomeruli had fewer
than 3 cells per mesangial area or as M1 if >50% of
glomeruli had >3 cells per mesangial area. Segmental
glomerulosclerosis was scored as absent (SO) or present
(S1). Endocapillary hypercellularity was scored as ab-
sent (EO) or present (E1). The tubular atrophy/inter-
stitial fibrosis score was based on the ratio of tubular
atrophy to interstitial fibrosis in the total interstitium
and scored as TO (0%—25%), T1 (26%—50%), or T2
(>50%). The crescent score was based on the ratio of
the number of glomeruli with cellular or fibrocellular
crescents to the total number of glomeruli and scored as
CO (0%), Cl (>0% and <25%), or C2 (=25%). The
number of patients with T2 and C2 was very low to
evaluate; therefore, T2 and C2 were combined with T1
and Cl, respectively. All histologic findings were ob-
tained from the pathology reports of each renal biopsy
evaluated by renal pathologists; some of the reports
were repeatedly reviewed by pathologists to confirm
the findings.

Clinical and Laboratory Data

Each patient’s sex, age, body mass index, systolic,
diastolic, and mean arterial pressure were recorded.
Laboratory data included serum total protein, creati-
nine, eGFR, uric acid, total cholesterol, triglycerides,
urinary protein excretion, and urinary red blood cells
at the time of renal biopsy; these were evaluated as
baseline data. eGFR was calculated using the modified
isotope dilution mass spectrometry Modification of Diet
in Renal Disease study results for Japanese individuals
(eGFR = 194 X serum creatinine” % x age70‘287 X
0.739 [if female]).”” The time to progression to ESRD,
defined as requiring dialysis or renal transplantation,
was evaluated as the end point. Similarly, risk factors
associated with progression to ESRD were evaluated.

Treatments

Steroid therapy involved the following 2 protocols: oral
prednisolone and steroid pulse therapy. At our insti-
tution, patients with IgAN were mainly treated with
oral prednisolone before 2006; however, they were
treated with steroid pulse therapy after 2007 based on
the report of Pozzi et al.”’ regarding the effects of
steroid pulse therapy. The oral prednisolone protocol
involved the administration of a daily dose of 0.5 to 0.8
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mg/kg (body weight)/d for the first 4 weeks, gradual
tapering by 2.5 to 5 mg every 4 weeks, and continued
administration for at least 2 years. The steroid pulse
therapy protocol was revised according to the methods
of Pozzi et al.”® Patients were treated with i.v. meth-
ylprednisolone pulse 500 mg/d for 3 consecutive days
and 2 additional steroid pulse therapies during the next
6 months; during those 6 months, 0.5 mg/kg (body
weight) oral prednisolone was also administered every
other day and gradually tapered off within the next 2
months. These 2 steroid therapy protocols had similar
effects on the renal prognoses of our cohorts
(Supplementary Table SI). Therefore, we uniformly
used these 2 steroid therapy protocols during this
analysis. The administration of renin-angiotensin sys-
tem inhibitors and the performance of tonsillectomy
were based on the decisions of the physicians.

Statistical Analyses

Data are presented as mean £ SD for normally
distributed data and as median and interquartile range
for skewed data. Data were analyzed using JMP Pro
15.0.0 (SAS Institute Inc., Cary, NC). The 20-year renal
survival rates until ESRD were calculated using the
Kaplan-Meier method and compared using the log-rank
test. Clinical findings were compared using the un-
paired Student’s ¢ test for normally distributed data
and the Mann—Whitney U test for skewed data. The e
test was used to compare sex distribution, number of
patients with each urinary red blood cell grade at the
time of renal biopsy, and the Oxford classification.
Propensity score matching was performed to adjust for
differences in clinical and histologic findings for each
patient with each MEST-C score and for each patient
with SRS/SNRS, regardless of the steroid therapy. One-
to-one digit matching (nearest neighbor matching with
calipers) was performed using the propensity score and
logistic regression model. Univariate and multivariate
Cox regression analyses were performed to evaluate the
risk of ESRD. Results of the univariate and multivariate
analyses are presented as hazard ratios with 95% CIs.
For all analyses, values of P < 0.05 were considered
statistically significant.

RESULTS

Renal Prognosis for Patients With IgAN With or
Without Steroid Therapy With Each MEST-C
Score

The baseline data and renal prognosis before pro-
pensity score matching are summarized for all patients
(Table 1 and Figure 2a). The systolic blood pressure
was significantly lower in the steroid group than in the
nonsteroid group. The eGFR, urinary protein excre-
tion, frequency of high levels of urinary red blood
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Table 1. Baseline characteristics of IJAN patients treated with or without steroid therapy before and after propensity score matching

Before propensity score matching After propensity score matching

All patients
(n = 858)

Steroid group
(n=413)

Nonsteroid group
(n = 445) P value

Steroid group
(n=179)

Nonsteroid group
(n=179) P value

Clinical findings

Age (yn) 31.0 (24.0-41.0) 30.0 (24.0-40.5) 30.0 (24.0-41.0) 0911 29.0 (24.0-41.0) 29.0 (24.0-41.0) 0.774

Male sex 349 (42.4%) 175 (39.3%) 174 (39.1%) 0.330 82 (45.8%) 75 (41.8%) 0.456
BMI (kg/m?) 21.3 (19.6-23.5) 21.4 (19.6-23.7) 21.3 (19.6-23.3) 0.963 21.6 (19.4-23.5) 21.7 (19.8-25.7) 0.330
SBP (mm Hg) 120.0 (110-132.0) 118.0 (110.0-130.0) 120.0 (110.0-132.0) 0.046 119.0 (110.0-132.0) 120.0 (111.0-134.0) 0.346
DBP (mm Hg) 74.0 (66.0-83.0) 74.0 (66.0-82.0) 75.0 (66.0-84.0) 0.530 75.0 (67.0-82.0) 75.0 (67.0-86.0) 0.724
MAP (mm Hg) 89.7 (81.3-99.0) 88.3 (81.7-98.0) 90.3 (80.7-100.0) 0.263 90.3 (82.7-99.0) 90.7 (81.3-101.1)  0.626
Laboratory findings

TP (g/di) 6.8 (6.3-7.2) 6.7 (6.2-7.1) 6.9 (6.5-7.3) <0.001 6.6 (6.3-7.1) 6.8 (6.3-7.2) 0.106
eGFR (ml/min/1.73 m?) 77.0 (60.0-95.6) 78.7 (61.6-96.0) 73.3 (68.8-91.4) 0.032 78.5 (62.56-96.7) 75.2 (69.1-100.3)  0.708
UA (mg/dl) 5.5 (4.5-6.7) 5.6 (4.6-6.7) 5.4 (4.4-6.8) 0.429 5.8 (4.7-6.7) 5.6 (4.5-7.1) 0.895
T-Cho (mg/dl) 192.0 (168.0-225.0)  201.0 (173.9-233.0) 187.5 (164.0-212.0) <0.001 195.0 (171.0-226.0) 189.0 (168.0-225.0) 0.415
TG (mg/dl) 100.0 (73.0-144.0) 99.0 (75.0-142.0) 101.0 (71.0-146.0)  0.791 102.5 (78.6-149.3) 106.0 (74.0-165.0)  0.652

U-Prot (g/d)
U-RBC (counts/HPF)

0.68 (0.3-1.4) 0.85 (0.37-1.78) 0.55 (0.24-1.10)  <0.001
84, 360, 138, 117, 154 27,174, 81,58, 72 57, 186, 57, 59, 82  0.005

0.90(0.44-1.67)
16, 70, 35, 22, 36

0.73 (0.31-1.4) 0.109
20,71,21,27,40 0318

<b, 5-25, 26-49, 50-99, =100
Histologic findings, n

MO/M1 438/420 180/233
EO/E1 473/385 166/247
S0/S1 239/619 99/314
TO/M/T2 625/183/50 302/89/22
C0/C1/C2 448/366/43 145/230/37
Treatment, n

Steroid therapy (—/+) 445/413 —/413
Tonsillectomy (—/+) 669/189 239/174
RAS inhibitors (—/+) 575/283 246/167

258/187 <0.001 96/83 99/80 0.750
307/138 <0.001 771102 81/98 0.670
140/305 0.015 41/138 42137 0.900
323/94/28 0.831 125/46/8 128/40/11 0.628
303/136/6 <0.001 75/94/10 67/106/6 0.338
445/— — —/179 179/— —
430/15 <0.001 166/13 165/14 0.841
329/116 <0.001 116/63 114/65 0.825

BMI, body mass index; C, crescent formations; DBP, diastolic blood pressure; E, endocapillary hypercellularity; eGFR, estimated glomerular filtration rate; HPF, high-power field; M,
mesangial hypercellularity; MAP, mean arterial pressure; RAS, renin-angiotensin system; S, segmental sclerosis; SBP, systolic blood pressure; T, interstitial fibrosis/tubular atrophy; T-
Cho, total cholesterol; TG, total glycerides; TP, total protein; UA, urinary albumin; U-Prot, urinary protein; U-RBC, urinary red blood cell.

cells, and total cholesterol levels were significantly
higher, and total protein levels were significantly lower
in the steroid group than in the nonsteroid group. The
frequencies of M1, El, S1, Cl, and C2 scores were
significantly higher in the steroid group than in the
nonsteroid group. The number of patients treated with
tonsillectomy and renin-angiotensin system inhibitors
was significantly higher in the steroid group than in
the nonsteroid group. After matching based on these
significantly different factors between the groups
(caliper a, 0.20; caliper c, 0.23), the clinical and labo-
ratory data, histologic findings, and treatments were
similar between patients treated and not treated with
steroid therapy (Table 1). The 20-year renal survival
rates for patients treated with steroid therapy were
significantly higher than those of the patients treated
without steroid therapy (75.5% vs. 61.7%; P = 0.025)
(Figure 2b). The 20-year renal survival rates of patients
treated with steroid therapy were significantly higher
than those of patients treated without steroid therapy
among patients with M1 (71.7% vs. 53.0%; P = 0.027),
El (81.8% vs. 54.5%; P = 0.003), S1 (79.2% vs. 66.3%;
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P = 0.007), TO (92.9% vs. 72.3%; P = 0.013), and
C1+42 (79.3% vs. 56.6%; P = 0.008) scores after pro-
pensity score matching (Figure 3a-¢). The 20-year renal
survival rates before matching are found in
Supplementary Figure S1. Results of the univariate Cox
regression analyses and multivariate analyses adjusted
for MEST-C are summarized in Figure 4a and b and
Supplementary Table S2. For patients with M1, steroid
therapy was not an independent factor that prevents
progression, according to the univariate analysis;
however, the multivariate analysis adjusted for E, S, T,
and C scores revealed that steroid therapy was an in-
dependent factor that prevents progression (hazard
ratio, 0.53; P = 0.029). For patients with EI, S1, C1+2,
and TO scores, steroid treatment was an independent
factor that prevented progression, according to the
univariate and multivariate analyses adjusted for other
MEST-C scores. Nevertheless, for patients with MO, EO,
SO, T1+2, and CO scores, steroid therapy was not an
independent factor that prevented progression, ac-
cording to the univariate and multivariate Cox regres-
sion analyses (Supplementary Table S2).
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a ’ Before propensity score matching ‘ b ’ After propensity score matching ‘
1.0 1.0
S 08 & 08
X X
L 06 2 06
8 ©
T ©
2 2
S 04 S 04
=} 3>
[} (7]
2 02 g 02
[0 0]
ha = Steroid (+) o = Steroid (+)
a9 79.1 versus 68.7%, P =0.023 Steroid (-) a0 75.5 versus 61.7%, P = 0.025 Steroid ()
0 5 10 15 20 0 5 10 15 20
years years
No. at risk No. at risk
Steroid (+) 413 296 156 70 32 Steroid (+) 179 128 99 51 26
Steroid () 445 325 218 144 86 Steroid (-) 179 126 80 46 28

Figure 2. Renal survival rates of patients with IgA nephropathy treated with or without steroid therapy. The renal survival rates of all patients
treated with steroid therapy were significantly higher than those of patients who were not treated with steroid therapy before (a) and after (b)
propensity score matching.

On the basis of these findings of the effects of in terms of making decisions regarding indications for
steroid therapy on the renal prognosis for patients steroid therapy, we analyzed whether the combina-
with each MEST-C score, we designated M1, EI, S1, tion of the low, medium, or high SRS and the low or
and C1+2 scores as the SRS and T1+2 scores as the high SNRS was related to the renal prognosis after
SNRS. The total points of SRS were 0 to 4, and we steroid therapy.
considered 0 point, 1 to 2 points, and 3 to 4 points to
indicate low, medium, and high SRS, respectively. Univariate and Multivariate Cox Regression
The total points of SNRS were 0 and 1, and we Analyses of Steroid Therapy for Patients With
similarly considered O point and 1 point to indicate Each SRS and SNRS
low and high SNRS, respectively. Therefore, to The number and ratio of patients exhibiting progres-
determine the feasibility of the Oxford classification sion to ESRD with each SRS/SNRS were evaluated

o oe o oe % s X e X s

£ o £ o £ o £ o £ o

3 o T o g . g . e

S S : : :

3 o0 3 02 3 o2 3 o2 3 o2

8 85.0 versus 63.0%, P = 0.179 73.1 versus 73.5%, P=0.968 ¢ 73.1 versus 64.9%, P=0.722 £ 92.9 versus 72.3%, P=0.013 £ 75.1 versus 73.9%, P = 0.514
zv QU 0 o x °° 3

o« 0 s 10 s € o s 10 s 2 s 10 Y 0 s 10 Y s 10 Y
No at risk Years No at risk Years No at risk Years No at risk Years No at risk Years

S(+) 92 48 12 5(+) 80 37 10 S(+) 38 16 5 S(+) 120 62 16 S(+) 73 39 10
S(-) 92 42 17 5(-) 80 35 135(-) 38 18 6 S(-) 120 49 9 S(-) 73 38 17

L g —_‘_'_‘—_._‘_?3_‘\“'—‘—\_.1_% Non__‘_‘_'—‘—\_\_
= = 2 2 =
X :smﬁ‘_‘_‘_l_L X 08 X 08 X 08 X 08
2 2 Il i ]
" 0 " o " o8 " o8 " o8
T © © © ©
2 04 2 04 2 o4 2 o4 2 04
z z z z z
5 5 5 5 5
Y 02 v 02 ©v 02 ©v 02 ©v 02
2 717 versus 53.0%, p=0.027 £ 81.8 versus 54.5%, p=0.003 £ 79.2 versus 66.3%, P = 0.007 £ 56.1 versus 47.7%, P= 0.561 £ 79.3 versus 56.6%, P = 0.008
& o g & o & o & o
0 s B 5 2 0 s B 5 B 0 s B 5 ® 0 s B s ® s B s ®
No at risk Years No at risk Years No at risk Years No at risk Years No at risk Years
S(+) 77 46 12 5(+) 96 55 14 S(+) 136 81 17 S(+) 49 28 7 S(+) 101 53 12
s(-) 77 36 105(-) 96 43 13 S(-) 136 68 22 s(-) 49 30 11 S(-) 101 48 15

= Steroid (+)
Steroid ()
Figure 3. Renal survival rates of patients with IgA nephropathy treated with or without steroid therapy in relation to the Oxford classification.
The 20-year renal survival rates of patients with IgA nephropathy with or without steroid therapy are presented. (a) M scores: M0, 85.0% versus
63.0% (P = 0.179); M1, 71.7% versus 53.0% (P = 0.027). (b) E scores: EO, 73.1% versus 73.5% (P = 0.968); E1, 81.8% versus 54.5% (P = 0.003). (c) S
scores: S0, 73.1% versus 64.9% (P = 0.722); S1, 79.2% versus 66.3% (P = 0.007). (d) T scores: T0, 92.9% versus 72.3% (P = 0.013); T14-2, 56.1%
versus 47.7 (P = 0.561). (e) C scores: CO, 75.1% versus 73.9% (P = 0.514); C1+2, 79.3% versus 56.6% (P = 0.008). C, crescent formations; E,
endothelial hypercellularity; M, mesangial hypercellularity; S, segmental sclerosis; T, tubule-interstitial fibrosis.
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a Univariate Cox regression analysis

HR, 95% Cl, P-value
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b ’ Multivariate Cox regression analysis

HR, 95% Cl, P-value

Patients with MO | |—e—H 0.59,0.31-1.10, P = 0.098 . 0.54,0.28-1.04, P = 0.064
Patients with M1 [T { 0.63,0.37-1.06, P = 0.082 [ 0.53,0.30-0.94, P = 0.029
Patients with EO [ S— 1.00, 0.56-1.79, P = 0.994 . 0.85,0.47-1.53, P = 0.584
Patients with E1 | |-s—| 0.37,0.21-0.65,P<0.001 |+ | 0.35,0.19-0.63, P < 0.001
Patients with SO } . 1.20,0.49-2.98, P = 0.693 | . 0.80,0.27-2.32, P = 0.674
Patients with S1 = 0.52,0.34-0.82, P = 0.005 ——o 0.51,0.32-0.82, P = 0.006
Patients with TO = |+—| 0.38,0.18-0.80, P=0.011 = |—+—f 0.27,0.12-0.60, P = 0.001
Patients with T1+T2 f——i—] 0.80,0.50-1.30, P = 0.376 —— 0.78,0.46-1.31, P = 0.351
Patients with CO i 0.85,0.46-1.60, P = 0.620 [ | 0.82,0.44-1.53, P = 0.530
Patients with C1+C2 | }—=—| 0.41,0.24-0.69, P<0.001 = —=+—ro 0.40, 0.24-0.70, P = 0.001
00 05 10 15 20 25 3.0 .0 0.5 1.0 1.5 2.0 25

Figure 4. Univariate and multivariate Cox regression analyses of steroid treatment for patients with each MEST-C score. (a) According to the
univariate analysis, steroid therapy was an independent factor for the prevention of IgAN progression in patients with E1, S1, T0, and C1+2
scores. (b) According to the multivariate analysis, after adjustment for other MEST-C scores, steroid therapy was an independent factor for the
prevention of IgAN progression in patients with M1, E1, S1, T0, and C14-2 scores. C, crescent formations; E, endothelial hypercellularity; HR,
hazard ratio; M, mesangial hypercellularity; S, segmental sclerosis; T, tubule-interstitial fibrosis.

(Table 2). Model 1 included the univariate Cox
regression analysis. Model 2 included the multivariate
Cox regression analysis with the clinical and laboratory

low or high SNRS, steroid therapy was not an inde-
pendent factor according to the univariate and multi-
variate analyses. For patients with low SRS/low SNRS,

none treated with steroid therapy experienced pro-
gression to ESRD; however, this was not evaluated
statistically. The number of patients with low SRS/high
SNRS (n = 10) was not statistically sufficient.

DISCUSSION

This study revealed the effects of steroid therapy on
the long-term prognoses of patients with IgAN and

findings. Model 3 included the multivariate Cox
regression analysis with the clinical and laboratory
findings and the treatments. For patients with high
SRS/low or high SNRS, steroid therapy was a signifi-
cant independent factor that prevented progression
according to the univariate and multivariate analyses
(high SRS/low SNRS, models 1, 2, and 3; high SRS/high
SNRS, models 1 and 2). For patients with medium SRS/

Table 2. Ratio of progression to ESRD and univariate and multivariate Cox regression analyses of steroid therapy for patients with IgA
nephropathy with each SRS/SNRS

Steroid nonresponder score (T1+2)
high (1): T14+2 (n = 233)

low (0): TO (n = 625)

Cox analysis ESRD/total (ratio) HR, 95% Cl, P value ESRD/total (ratio) HR, 95% Cl, P value
Steroid responder score
(M1, E1, 81, C1+2)

Low (0) (n = 106) Model 1 4/96 (4.2%) Not evaluated (No patient progressed 3/10 (30.0%) Not evaluated (The number of patients
Model 2 o ESRD in the steroid group) was too small)
Model 3

Medium (1-2) (n = 384) Model 1 24/273 (8.8%) 0.04, 0.11-1.28, P=0.119 33/111 (29.7%) 0.68, 0.42-2.82, P=0.375
Model 2 0.31, 0.08-1.18, P = 0.086 1.00, 0.45-2.23, P = 0.998
Model 3 0.32, 0.08-1.36, P = 0.122 1.02, 0.45-2.29, P = 0.963

High (3-4) (n = 368) Model 1 15/256 (4.7%) 0.33, 0.12-0.92, P = 0.034 34/112 (30.4%) 0.47, 0.24-0.94, P = 0.032
Model 2 0.08, 0.02-0.32, P < 0.001 0.40, 0.20-0.82, P=0.013
Model 3 0.13, 0.03-0.52, P = 0.004 0.51, 0.24-1.04, P = 0.065

C, crescent formations; E, endothelial hypercellularity, ESRD, end-stage renal disease; M, mesangial hypercellularity; S, segmental sclerosis; SNRS, steroid nonresponder score; SRS,

steroid responder score; T, tubule-interstitial fibrosis.

Model 1: univariate analysis.

Model 2: multivariate analysis with age, sex, mean arterial pressure, estimated glomerular filtration rate, and urinary protein excretion.
Model 3: multivariate analysis with model 2 + tonsillectomy + renin-angiotensin system inhibitors.
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revealed that steroid therapy is particularly effective
for the patients with IgAN patients M1, El, S1, and
Cl+2 scores of the Oxford classification. Moreover,
higher M1, El, S1, and Cl1+2 scores may be useful
indicators for steroid therapy; however, patients with
T1+2 scores were not responsive to steroid therapy.
We have presented the new grading scale, the O-grade,
with the total score of the Oxford classification in our
previous report.”’ In that study, we calculated the total of
each MEST-C score to predict the progression to ESRD.
The O-grade was similar to the SRS/SNRS because it
combined MEST-C scores; however, the O-grade did not
consider the adaptation of treatments. Furthermore, we
reported the renal survival rates for patients with each
MEST-C score by considering treatment with immuno-
suppressive agents, including steroid therapy. We found
that the T score was the best predictor of the renal
prognosis, irrespective of the immunosuppressive agents,
and that the renal prognosis of patients with E1, Cl, or S1
scores improved with the administration of immunosup-
pressive agents.”® Nevertheless, in that study, we per-
formed a direct comparison of patients with E1, C1, and S1
scores who were treated with or without immunosup-
pressive agents without matching the baseline character-
istics of the groups; however, we did not perform a direct
comparison of patients with other scores. Moreover, the
response to immunosuppressive agents was not analyzed
using a combination of other scores, as was performed
with the O-grade. In that study, 13 patients treated with
immunosuppressive agents other than steroids were
included, and the effects of steroid therapy alone were not
accurately evaluated. To resolve these issues encountered
in our previous studies, after the exclusion of patients
treated with immunosuppressive agents other than ste-
roids, we conducted a direct comparison of patients with
each MEST-C score who were treated with or without
steroid therapy and adjusted for clinical findings and
treatments in both groups (Figures 3 and 4,
Supplementary Table S2, and Supplementary Figure S1).
Subsequently, in this study, we analyzed the effects of
steroid therapy on the total MEST-C scores of patients
after considering the SRS and SNRS (Table 2). In this
analysis, patients with E1, C1+2, and S1 scores responded
to steroid therapy even after adjustments similar to those
performed in our previous study.”’ Moreover, patients
with M1 scores also responded to steroid therapy after
adjustment. Nevertheless, patients with T1+-2 scores were
resistant to steroid therapy, and T14-2 scores were found
to be independent factors that determine progression to
ESRD when considering other scores of the Oxford clas-
sification. Therefore, we designated M1, El, S1, and C1+-2
scores as the SRS and T1+-2 scores as the SNRS. Further-
more, our results indicate that steroid therapy affected
patients with IgAN with high SRS (SRS: 3—4 points) and
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low or high SNRS (high SRS/low SNRS [models 1, 2, and 3]
or high SRS/high SNRS [models 1 and 2J), but did not
affect patients with IgAN with medium SRS (SRS: 1-2
points) and low or high SNRS. Of the patients with low
SRS/low SNRS, none in the steroid group progressed to
ESRD. These results indicated that the SRS and SNRS of
the Oxford classification are useful for guiding decisions
regarding the use of steroid therapy.

The clinical usefulness of the Oxford classification
for determining the indications for steroid therapy re-
mains controversial; however, a previous study re-
ported that corticosteroid therapy reduced proteinuria
in patients with M1 scores and proteinuria of >1.0 g/g
creatinine but that it did not improve the renal prog-
nosis. Moreover, corticosteroid therapy did not
improve the renal prognosis of patients with El, SI,
and T1 scores.”’ Palamuthusingam et al.”” did not
identify any advantages with the use of the MEST
score (during an analysis performed without the C
score) when predicting the efficacy of immunosup-
pressive agents. Nevertheless, crescents and/or necro-
tizing lesions are more likely to be indications of
immunosuppression.”” A systematic review and meta-
analysis of the MEST score (another analysis per-
formed without the C score) involving 5 studies with
637 patients with IgAN revealed that patients with
IgAN with M1, SI, and T1+2 (designated as T1/T2 in
that review) scores were resistant to steroid therapy;
however, patients with El scores exhibited a better
response to steroid therapy.”’ Although the results of
previous studies have some discrepancies, they indi-
cated the possibility that the findings of each Oxford
classification determine the appropriate treatment for
IgAN. Moreover, we suspected that the split system
resulted in these discrepancies because the treatment
was not decided based on the histologic findings of one
lesion. In Japan, an inclusive system to evaluate the
histologic findings was proposed; this combined sys-
tem and the clinical findings were useful for predicting
renal prognoses and making treatment decisions.’’ >
With this classification, the ratio of the glomeruli
with lesions to the total number of glomeruli was
evaluated. Moreover, active lesions, such as cellular or
fibrocellular crescent formations, and chronic lesions,
such as fibrous crescents, segmental sclerosis, and
global sclerosis, were considered. In this study, we
used the SRS and SNRS instead of active and chronic
lesions to determine the indications for steroid therapy.
Our analysis indicated that steroid therapy is useful in
patients with IgAN with high SRS/low SNRS and
probably useful in high SRS/high SNRS, whereas ste-
roid therapy is not useful in medium SRS/low or high
SNRS. The indications for steroid therapy identified in
this study might not be generalizable to other cohorts.
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Nevertheless, we believe that further studies should be
performed to improve the validation of the Oxford
classification as an indicator of appropriate treatments
for IgAN. These additional studies will also provide
important information regarding treatment strategies
for IgAN.

This study had some limitations. It was a retro-
spective cohort analysis involving a single center in
Japan. The number of patients with T2 and C2 scores
was very low to evaluate; therefore, they were com-
bined with patients T1 and C1 scores, respectively. The
number of patients with low SRS/high SNRS and the
number of patients who progressed to ESRD with low
SRS/low SNRS were statistically insufficient. Steroid
therapy involved 2 protocols (steroid pulse therapy
and oral steroid); however, we used them uniformly
because there was no significant difference in their
renal prognoses of those 2 protocols. Patients with
IgAN with proteinuria of >3 g/d or <1 g/d were
included in this study; however, these patients were
sometimes excluded from trials. Nevertheless, the re-
sults were similar with or without the inclusion of
those patients (data not found). Moreover, we only
analyzed the effects of steroid therapy in relation to the
Oxford classification because we aimed to evaluate the
utility of the Oxford classification as a tool for deter-
mining the indications for steroid therapy. We plan to
perform additional studies to analyze other treatments
and treatment combinations.

In conclusion, our results revealed the efficacy of
steroid therapy for IgAN according to the new inter-
pretation of the total SRS and SNRS of the Oxford
classification. M1, El, S1, and Cl+2 scores were
designated as the SRS, and T1+2 scores were desig-
nated as the SNRS. The total score might be a good
indicator of whether steroid therapy should be used to
treat patients with IgAN.
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Table S1. Multivariate Cox regression analyses of
treatments (steroid pulse therapy, oral prednisolone, and
nonsteroid therapy) for all patients with IgAN. (a) Oral
prednisolone and steroid pulse therapy against nonsteroid
therapy. (b) Steroid pulse therapy against oral
prednisolone. Multiple analyses were adjusted for clinical
and laboratory findings (age, sex, mean arterial pressure,
estimated glomerular filtration rate, and urinary protein
excretion); Oxford classification (MEST-C scores); and
treatments (tonsillectomy and renin-angiotensin system
inhibitors).

Table S2. Univariate and multivariate Cox regression
analyses of patients with each MEST-C score.

Figure S1. Renal survival rate until progression to ESRD for
patients with IgAN treated with steroid therapy and
patients with IgAN treated without steroid therapy for
each MEST-C score (without matching).
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