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ABSTRACT

Background. Similarities in clinicopathological presentations in immunoglobulin A (IgA) nephropathy and IgA vasculitis with
nephritis (IgAVN) raise the question of the utility of the Oxford classification in the latter. The aim of this study was to
evaluate the Oxford classification in IgAVN.

Methods. We conducted a retrospective cohort study and meta-analysis following systematic searching of the MEDLINE and
Excerpta Medica Database (EMBASE) databases between January 2009 and September 2019. We modeled the association of
30 and 50% decline in estimated glomerular filtration rate or end-stage renal disease with pathologic lesions of the Oxford
classification including mesangial hypercellularity (M), endocapillary hypercellularity (E), segmental glomerulosclerosis (S),
interstitial fibrosis/tubular atrophy (T) and crescents (C). Results were pooled using random-effects meta-analysis.

Results. The cohort study included 132 patients, and only T lesion was an independently risk factor in IgAVN. The meta-
analysis yielded six retrospective studies with 721 patients and 139 endpoints. In multivariate model, T lesion was
significantly associated with renal outcome (hazard ratio = 2.45, P=0.007). M and C lesions could not predict renal outcome
without evidence of heterogeneity. E and S lesions could not predict renal outcome with evidence of heterogeneity (I =
66.6%; P =0.01, and I? = 65.8%; P = 0.03, respectively). Subgroup analysis showed that the possible reasons to the
heterogeneity were from usage of immunosuppressant, sample size and follow-up time.

Conclusions. The study suggests that the Oxford classification could not be fully validated in IgAVN. Higher portion of
immunosuppressant especially before renal biopsy might be the main confounder for the predictive value of Oxford
classification in IgAVN.
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INTRODUCTION

Various studies have confirmed that renal involvement is the
main prognostic factor in immunoglobulin A (IgA) vasculitis
(IgAV; formerly known as Henoch-Schoénlein purpura) [1-6].
About 20-25% of IgAV with nephritis (IgAVN) patients reached
end-stage renal disease (ESRD) within 10years after diagnosis
[7, 8]. The diagnosis of IgAVN requires a renal biopsy, and histo-
logical features have an important role in determining progno-
sis and therapy selection. There are some histological
classification systems wused in IgAVN, including the
International Study of Kidney Disease in Children schema [6]
and other grouped and semi-quantitative systems [9-11]; how-
ever, there is presently no consensus on the implementation of
a pathological classification for determining prognosis and
guiding treatment in IgAVN.

IgAVN shares many common features with primary IgA ne-
phropathy (IgAN) [7, 12, 13]. The Oxford classification was a
global standardized pathological classification in IgAN [14, 15]
and was recently updated [16]. The Oxford MEST-C score, de-
fined by mesangial hypercellularity (M), endocapillary hypercel-
lularity (E), segmental glomerulosclerosis (S), interstitial
fibrosis/tubular atrophy (T) and crescentic lesions (C) scores in
kidney biopsies, has been increasingly used to predict renal out-
comes in IgAN individuals [17-19]. The working group does not
recommend the use of MEST-C scores in IgAVN since cases of
patients with this condition were not included in the validation
cohort. In recent years, some studies have validated the Oxford
classification in IgAVN; however, the Oxford classification has
not been fully validated as a predictor of renal outcomes in
IgAVN [20-22]. There are some possible reasons. First of all,
most of the validation studies in IgAVN are single center with
sample size <100, and the number of endpoints is also low. On
the other hand, there are differences in cliniopathological fea-
tures and treatment between IgAVN and IgAN. IgAVN patients
tend to have more proteinuria at the onset of disease and histo-
logically more active lesions, including E and C lesions , than
IgAN patients, which result in earlier and more frequent admin-
istration of immunosuppression to IgGAVN patients [7, 8, 23]. The
latter may impact the prognostic value of the Oxford classifica-
tion in these patients, as in IgAN patients, treatment with im-
munosuppression post-biopsy reduces or eliminates the
association of these scores, other than T-score, with clinical
outcomes [18, 19].

In order to investigate the usage of the Oxford classification
in IgAVN, we first compare the predictive values of Oxford clas-
sification on kidney outcome in an IgAVN cohort and clinical
and a pathological parameters-matched IgAN group in a single
center. We then combined the IgAVN cohort with a meta-
analysis of the relevant literature.

MATERIALS AND METHODS
Cohort study

There were 429 adult patients diagnosed with IgAVN from
January 1997 through June 2016 in the Peking University First
Hospital. The inclusion criteria were a clinical diagnosis of IgAV,
following the 2010 European League Against Rheumatism
(EULAR)/Paediatric =~ Rheumatology = International  Trials
Organisation (PRINTO)/Paediatric Rheumatology European
Society (PRES) criteria [1]. The 2010 EULAR/PRINTO/PRES criteria
are presented in Supplementary data, Appendix S1. IgAVN was
diagnosed when hematuria, proteinuria and/or renal failure are
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associated with IgAV and predominant mesangial IgA immune
deposits [23]. The exclusion criteria included systemic lupus er-
ythematosus, anti-neutrophil cytoplasmic antibodies (ANCA)-
associated vasculitis (AAV), cryoglobulinemia and thrombocyto-
penia. A total of 297 patients with follow-up <1year or with an
inadequate number of glomeruli (fewer than eight) were ex-
cluded. Ultimately, 132 IgAVN patients were included in the
study.

All renal biopsies were processed for light microscopy (LM),
immunofluorescence microscopy (IF) and electronic microscopy
(EM). LM sections were stained with hematoxylin and eosin
(H&E), periodic acid-Schiff (PAS), PAS with silver methenamine
and Masson’s trichrome. The renal biopsies were independently
reviewed by two pathologists who were blinded to the clinical
data, using the updated Oxford classification criteria [16].
Necrosis was defined as the presence of glomerular fibrin with
associated glomerular basement membrane disruption and/or
mesangiolysis. ESRD was defined as estimated glomerular fil-
tration rate (eGFR) <15mL/min/1.73m? using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation
[24], or renal replacement therapy. Microscopic hematuria was
examined at high power under a bright-field microscope and
quantified as red blood cells/high-power field. Mean arterial
pressure (MAP) was calculated as diastolic blood pressure (BP) +
1/3 (systolic BP - diastolic BP). Immunosuppressant before renal
biopsy was defined as any immunosuppressive agent within 1
year of renal biopsy, regardless of duration or dose.
Immunosuppressant after renal biopsy was defined as any im-
munosuppressive agent, regardless of duration or dose. Renin-
angiotensin system blockade (RASB) was defined as
angiotensin-converting enzyme inhibitor and/or angiotensin re-
ceptor blocker after biopsy. The renal outcomes were survival
from a combined event, which were defined as either >50%
eGFR decline or ESRD.

Continuous variables were presented as the mean =* stan-
dard deviation (SD) for normally distributed data and were com-
pared using Student’s t-test. Nonparametric continuous
variables were presented as the median (interquartile range)
and were compared using the Mann-Whitney test. For categori-
cal variables, the results were expressed as percentages and
were analyzed by the Chi-squared test or Fisher’s test. Survival
from the combined event was estimated with the Kaplan-Meier
method and compared with the log-rank test. The relationship
between parameters and survival from the combined event was
assessed using Cox regression analysis. The results were pre-
sented as hazard ratio (HR) with 95% confidence intervals (CIs).
Statistical analysis was performed using SPSS (version 23.0.0.0,
IBM Corporation).

Meta-analysis

This meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) [25], and the checklist for PRISMA is pre-
sented in Supplementary data, Appendix S2. The protocol for
this review was registered with the prospective register of sys-
tematic reviews (PROSPERO) (CRD 42020144739). We identified
relevant studies by searching the following databases using
Ovid: MEDLINE and Excerpta Medica Database (EMBASE) (from
January 2009 to September 2019), using relevant keywords and
medical subject headings (Supplementary data, Appendix S3).
The search was limited to studies validating the Oxford classifi-
cation in IgAVN, without language restrictions. Study endpoints
had to include ESRD, >30% or >50% decrease in eGFR. Risks of
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bias in each study were assessed according to the previously
published methods [26]. The literature search, data extraction
and quality assessment were done independently by two
authors (B.Y. and S.S.) using a standardized approach. Any dis-
agreements in abstracted data were adjudicated by a third re-
viewer (W.H.).

Individual study HRs and 95% CIs were extracted from each
study before data pooling. Summary estimates of HRs were
obtained from a random-effects model. We estimated the percent-
age of variability across studies attributable to heterogeneity be-
yond chance using the I° statistic. Subgroup analysis was
performed according to ethnicity, the number of patients, the
number of endpoints, children or adults, length of follow-up and
immunosuppressant. Funnel plots were applied to evaluate publi-
cation bias. Stata version 12.0 was used for all statistical analysis.
Two-tailed P < 0.05 values were considered statistically significant.

RESULTS

Validation of the Oxford classification in cohort study

Baseline characteristics in IgAVN cohort. The IgAVN cohort in-
cluded 132 patients, and the median age was 32 * 13 years, with
54% female. The MAP was 93 (83-97) mmHg, eGFR was
104 + 33 mL/min/1.73 m? and proteinuria was 1.57 (0.78-2.80) g/
day. For pathology findings, 33% of patients showed M1, 57%
showed E1, 64% showed S1, 20% showed T1/2, 46% showed C1
and 17% showed C2; the mean percentage of crescents was 13%;
and eight (6%) patients showed one or more glomeruli with ne-
crosis. Overall, 94% of patients received RASB, 54% of patients
received immunosuppression before renal biopsy and 62% of
patients received immunosuppression after renal biopsy. The
mean eGFR slope was —2.84 + 2.40 mL/min/1.73 m%year during a
follow-up of 64 +45months, 63 (48%) patients progressed to
30% eGFR decline or ESRD and 19 (14%) patients progressed to
50% eGFR decline or ESRD (Table 1).

In the IgAVN cohort, E1 was strongly associated with higher
proteinuria (r=0.20, P=0.02) and microscopic hematuria at re-
nal biopsy (r=0.25, P=0.001). C1/2 was associated with more
microscopic hematuria at renal biopsy (r=0.16, P=0.02). T1/2
was associated with a reduced eGFR at renal biopsy (r = -0.39,
P <0.001). Patients who received immunosuppression had more
E lesions (68% versus 38%, P =0.001), fewer S lesions (57% versus
76%, P=0.03) and similar C1/2 lesions (66% versus 58%, P =0.37)
compared with untreated individuals.

Predictive value of MEST-C score to renal outcome in IgAVN
cohort. A Kaplan-Meier plot showed that T1/T2 (log-rank
P =0.006) were significantly associated with decreased renal sur-
vival. The kidney survival in C1 group was better than CO and C2
groups (P=0.03), and the kidney survival in E1 group was better
than EO, but without statistical significance (P=0.18) (Figure 1).
By multivariate Cox regression analysis, only T lesion was signifi-
cantly predictive of survival from the combined event (Table 2).

Meta-analysis

Eligible studies and study characteristics. The literature search
yielded 910 articles. Five studies [20-22, 27, 28] including 589 patients
with 76 endpoints were eligible for inclusion. Reasons for exclusion
are listed in Figure 2. Data from the current cohort were included in
the meta-analysis. Thus, six studies including 721 patients with 139
endpoints were included in the meta-analysis (Figure 2). All studies
were retrospective, with a mean follow-up of 40+ 82months. In

Table 1. Clinicopathological features of IgAVN cohort

IgAVN cohort

Variable (n=132)
Clinical information

Age, years 32+13

Female, n (%) 71 (54)

Macroscopic hematuria, n (%) 28 (21)

eGFR at renal biopsy, mL/min/1.73 m? 104 =33

Proteinuria at renal biopsy, g/day 1.57 (0.78-2.80)

Microscopic hematuria at renal biopsy, 20 (7-65)

red blood cells/high-power field

MAP at renal biopsy, mmHg 93 (83-97)
Prior immunosuppression, n (%) 71 (54)
Pathological features, n (%)
M1 43(33)
E1 75 (57)
S1 85 (64)
T1/2 27 (20)
co 49 (37)
c1 61 (46)
c2 22 (17)
Percentage of crescents, % 13
Necrosis, n (%) 8(6)
Follow-up
Length of follow-up, months 64 = 45
Treated with RASB, n (%) 110 (94)
Treated with any immunosuppression, n (%) 82 (62)
Rate of renal function decline, mL/min/1.73 m? -2.84 +2.40
30% eGFR decline or ESRD, n (%) 63 (48)
50% eGFR decline or ESRD, n (%) 19 (14)
ESRD, n (%) 8 (6)

Data are n (%) or mean + SD or median (interquartile range).

three studies [21, 22, 27], more than two independent pathologists
were blinded to the clinical outcomes according to the Oxford classi-
fication. Characteristics of the included studies are summarized in
Table 3. Five studies (646 patients) were of Asian populations, includ-
ing Chinese, Japanese and Korean; only one study was from Turkey
(75 patients). Two studies with 179 participants included children
and four studies with 542 participants included adults only.
Percentage of patients receiving immunosuppression after renal bi-
opsy ranged from 42.6% to 100%. All studies used multivariate re-
gression models for statistical analysis.

By current standards [26], we found risks of bias existed in
the included studies (Supplementary data, Appendix S4).
Prognostic factor measurement was incomplete or unclear in
three studies, and only three studies adequately reported the
association of MEST-C lesions with kidney survival. Outcome
measurement across the included studies was not consistent:
three studies used 50% eGFR decline or ESRD as renal outcome
and three studies reported 30% eGFR decline or ESRD. Data
reporting immunosuppressant before renal biopsy (confound-
ing measurement) were incomplete or unclear in four studies.
Inclusion of variables (analysis) was incomplete in three stud-
ies. Age was adjusted for in three studies, baseline eGFR in five
studies and MAP in two studies.

Applicability of the Oxford classification pathologic
lesions

Mesangial hypercellularity. Five studies with 647 adult patients
and 125 endpoints reported the association of M lesions with
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FIGURE 1: Kaplan-Meier plots for renal event-free survival according to the Oxford classification in the IgAVN cohort.

Table 2. Univariate and multivariate Cox regression models of factors associated with development of the combined event in the IgAVN cohort

IgAVN cohort
Variable Univariate HR (95% CI); P-value Multivariate HR (95% CI); P-value
Age 1.03 (0.99-1.06); 0.21 1.02 (0.97-1.07); 0.48
Gender (female vs male) 0.54 (0.22-1.36); 0.19 0.69 (0.26-1.85); 0.46
eGFR at renal biopsy 0.99 (0.98-1.01); 0.32 1.001(0.98-1.02); 0.90
Proteinuria at renal biopsy 1.05 (0.91-1.21); 0.54 1.00 (0.85-1.18); 0.99
MAP at renal biopsy 1.03 (0.99-1.07); 0.20 1.02 (0.97-1.07); 0.45
MO Reference
M1 1.51 (0.6-3.79); 0.38
EO Reference
El 0.53(0.21-1.36); 0.19
S0 Reference
S1 1.32 (0.38-4.64); 0.66
TO Reference Reference
T1/2 3.53(1.36-9.17); 0.01 2.86 (0.99-8.28); 0.05
co Reference
c1/2 1.00 (0.40-2.50); 0.99

Combined event, survival from a 50% eGFR decline or ESRD.

kidney survival. M1 was not statistically a risk factor for renal
outcome (HR = 1.22, 95% CI 0.9-1.66; P =0.2), with no evidence of
heterogeneity (I = 0%; P=0.43; Figure 3). Exclusion of the pre-
sent cohort (accounting for 70.76% of the weight) did not affect
association of M lesion with kidney survival (HR = 1.34, 95% CI
0.71-2.54; P=0.37). Funnel plots showed no statistical evidence
of publication bias by Egger’s test (P =0.38).

Endocapillary hypercelluarity. Six studies with 721 adult
patients and 139 endpoints reported the association of E
lesions with kidney survival. E1 was not statistically a risk

factor for renal outcome (HR = 1.54, 95% CI 0.63-3.77,
P=0.34) with moderate heterogeneity (I° = 66.6%; P=0.01;
Figure 3), which is mostly attributable to the result of the Xu
et al’s [21] study. Exclusion of the Xu et al’s [21] study
resulted in a risk increase (HR = 1.94, 95% CI 0.82-4.58;
P=0.13) with moderate evidence of heterogeneity (I*> = 64.2%;
P=0.03). Exclusion of the present cohort (accounting for
25.38% of the weight) resulted in a risk increase (HR = 1.95,
95% CI 0.64-5.99; P=0.24) with moderate evidence of hetero-
geneity (I = 61.2%; P=0.04). As shown in Figure 4, subgroup
analysis revealed that E lesions were associated with worse
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910 articles found in database searches:

97 MEDLINE
813 EMBASE

94 duplicates excluded

816 abstracts reviewed

4 articles identified from
meeting abstract

803 excluded:
113 not original investigations
513 not IgAVN
48 did not include renal involvement
50 did not evaluate Oxford classification
25 not human studies
54 basic research study

9 full-text articles reviewed

4 did not evaluate
renal outcome

5 studies with 589 patients

and 76 endpoints

FIGURE 2: Flowchart for study selection.

renal outcome only in studies with a small sample size (HR
= 3.85, 95% CI 1.24-11.93; P=0.006). No interaction between
immunosuppression and E lesions could be found in sub-
group analysis (P=0.41). Funnel plots showed no statistical
evidence of publication bias by Egger’s test (P=0.39).

Segmental glomerulosclerosis. Data about the effects of S1 le-
sion on kidney survival were available from four studies includ-
ing 586 participants and 112 endpoints. S1 was not statistically
a risk factor for renal outcome (HR = 1.48, 95% CI 0.44-4.97;
P=0.52), with moderate heterogeneity (> = 65.8%; P=0.03;
Figure 3). Exclusion of the present cohort (accounting for 37.38%
of the weight) resulted in a risk increase (HR = 2.61, 95% CI 0.89-
7.65; P=0.08) with a much reduced I? value of 11.7%. Subgroup
analysis suggested the presence of heterogeneity in the effect of
immunosuppression, patient number and follow-up time. S
lesions were associated with worse renal outcome only in stud-
ies with more immunosuppression, large sample size and
shorter follow-up time (HR = 4.41, 95% CI 1.34-14.5; P =0.004)
(Figure 4). Funnel plots showed no statistical evidence of publi-
cation bias by Egger’s test (P =0.25).

Tubular atrophy and interstitial fibrosis. Six studies with 721
adult patients and 139 endpoints reported the association of T
lesions with kidney survival. T1/2 lesion was associated
strongly with progression to kidney failure (HR = 2.45, 95% CI
1.28-4.69; P =0.007), without evidence of major heterogeneity (I*
= 26.3%; P=0.24; Figure 3). Exclusion of the present cohort (ac-
counting for 39.15% of the weight) resulted in a risk increase (HR
= 3.65, 95% CI 1.74-7.63; P=0.001) with a much reduced I value
of 0%. Funnel plots showed no statistical evidence of publica-
tion bias by Egger’s test (P =0.19).

Cellular/fibrocellular crescents. One study [22] reported the as-
sociation of a score of C1 and C2 with kidney survival, respec-
tively. One study [20] described the association of crescents
>50% (crescents <50% as reference) with kidney survival. Data
about the effects of C1/2 on kidney survival were available from
three studies including 511 participants and 101 endpoints.
These studies showed that C1/2 was not statistically a risk fac-
tor for renal outcome (HR = 1.23, 95% CI 0.8-1.88; P =0.35), with
no evidence of heterogeneity (I> = 0%; P = 0.45; Figure 3). Funnel
plots showed no statistical evidence of publication bias by
Egger’s test (P=0.77).

DISCUSSION

The applicability of the Oxford classification in IgAVN patients
is controversial. Although many studies have tried to evaluate
the use of the Oxford classification, validation is difficult. This
is due partly to the small sample size in most studies. Recently,
no systematic review examining the Oxford classification in
IgAVN has been published.

In the present cohort study and meta-analysis, we have con-
sistently confirmed that in patients with IgAVN, the presence of
T lesion strongly predicts kidney disease outcomes indepen-
dently of all clinical and laboratory parameters. M and C lesions
were not an independently predictive factor to renal outcome in
meta-analysis without heterogeneity. E and S lesions were not
associated with renal outcome with significant heterogeneity,
and further subgroup analysis showed that possible reasons to
heterogeneity were from usage of immunosuppressant, sample
size and follow-up time.

Acute inflammatory lesions including E and C lesions were
more common in IgAVN than in IgAN patients [7, 23, 29, 30].
However, the predictive value of E and C lesions is controversial,
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Study No. of

Mesangial hypercellularity

Hazard ratio Weight
patients  (95% CI)

(%)

Kim 2014 61 1.73 (0.59, 5.10) 7.94

Xu 2017 104 6.45 (0.82,50.49) 2.18

Cakici 2018 75 0.76 (0.25, 2.25) 7.75

Huang 2019 275 1.14 (0.46, 2.81) 11.38

Yu 2019 132 1.19(0.83, 1.71) 70.76 "=

Overall 647 1.22 (0.90, 1.66) 100

Heterogeneity: 1?=0%, P=0.43

Test for overall effect: Z=1.3, P=0.20 0_61 1 1‘0
Endocapillary hypercellularity

Kim 2014 61 8.91 (1.47,53.88) 13.23

Xu 2017 104 0.10 (0.01, 1.41) 8.97

Cakici 2018 75 1.61 (0.45, 5.70) 18.11

Inagaki 2018 74 6.71(1.06, 42.70) 12.86

Huang 2019 275 1.53 (0.57, 4.08) 21.16

Yu 2019 132 0.76 (0.44, 1.32) 25.67 —=r

Overall 721 1.54 (0.63, 3.77) 100 <>
Heterogeneity: 1°=66.6%, P=0.01 . |
Test for overall effect: Z=0.95, P=0.34 0.01 1 10
Segmental glomerulosclerosis

Xu 2017 104 6.49 (0.34, 122.60) 12.02

Cakici 2018 75 0.90 (0.16, 5.11) 22.51

Huang 2019 275 4.09 (1.11,15.03)  28.09 —

Yu 2019 132 0.58 (0.31, 1.10) 37.38 =1

Overall 586 1.48 (0.44, 4.97) 100 <>
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Test for overall effect: Z=0.64, P=0.52 0.01 1 10
Tubular atrophyl/interstitial fibrosis

Kim 2014 61 8.74 (1.40-54.38) 10.54 —

Xu 2017 104 0.99 (0.06, 15.9) 5.00

Cakici 2018 75 6.26 (1.40, 28.03) 14.51 .
Inagaki 2018 74 2.57 (0.67,9.77) 17.19
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Xu 2017 104 1.52 (0.08, 28) 2.14
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FIGURE 3: HRs of kidney failure for patients with versus without M, E, S, T and C. Weights are from random-effects analysis. Yu 2019 represents the present study.

and both of these lesions showed interaction with immunosup-
pressant. IgAVN patients, with more severe extrarenal manifes-
tations, tended to have earlier administration of
immunosuppression. In the present cohort study, 54% IgAVN
patients received immunosuppression before renal biopsy, sim-
ilar to previous studies [31, 32], and about half of IgAVN patients
received immunosuppressant after renal biopsy, a much higher
proportion than IgAN patients [29]. It also has been suggested
that crescentic glomeruli can rapidly become sclerotic in
untreated patients [6]. In addition, there is possibility of a differ-
ent therapeutic response between IgAVN and IgAN patients,
and remission in IgAVN can be achieved when adequately
treated at an early stage [33-35]. Therefore, we speculate that
the early and widespread use of immunosuppressant might
have an important influence on the prognostic value of Oxford
classification in IgAVN patients. This study may suggest the ad-
vantage of an early administration of immunosuppressant in
IgAVN patients but needs to be confirmed in larger and random-
ized studies. Studies have shown that immunosuppression
could decrease crescents and mesangial hypercellularity in re-
peated renal biopsy in IgAN. Whether the C and E lesions could

be treated as a pathology marker to receive immunosuppres-
sant but not to predict renal outcome needs further
investigation.

Subgroup analysis of S lesion indicated that the predictive
value of S lesion was correlated with proportion of immunosup-
pressant, which was not found in IgAN patients [36]. The differ-
ent pathogenesis should be considered. Even though these two
diseases showed similar presentation and underline the impor-
tance of the Gd-IgAl molecule [13, 37]: IgAVN is vasculitis,
which belongs to the autoimmune diseases; however, IgAN has
been proven not to be an autoimmune disease, but an abnormal
autoimmunity regulation disease [38]. In IgAN patients, S lesion
has been considered to represent chronic and irreversible
lesions and originate from glomerular inflammation, necrosis
or as a consequence of hyperfiltration due to adaptive hemody-
namic changes [18]; all these mechanism supported that S le-
sion had predictive value to renal outcome. S lesion was also
refined to include the presence of podocytopathic features that
were associated with greater initial proteinuria and worse renal
survival compared with patients without these features, and
immunosuppressant was associated with a better renal survival
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Subgroup No. of Hazard ratio P for
patients  (95% CI) heterogeneity
Endocapillary hypercellularity
Immunosuppression
<70% 268 1.75 (0.50, 6.19) 0.41 —r—
>70% 453 1.22 (0.19, 7.87) —_—t—————
Age
Adult 542 2.19 (0.73, 6.56) 0.68 —_—
Children 179 0.50 (0.03, 7.28) B
Patient number
<100 210 3.85(1.24,11.93)  0.006 S —
>100 511 0.78 (0.31, 1.95) —t—
Endpoint number
<25 314 2.04 (0.40,10.39)  0.06 —_———
>25 407 0.95 (0.50, 1.80) —
Follow-up time (month)
<60 440 1.32(0.18,9.71) 0.30 e
> 60 281 1.54 (0.50, 4.69) . ——— )
0.01 1 10
Segmental glomerulosclerosis
Immunosuppression
<70% 207 0.61(0.34, 1.11) 0.004 —o—+
>70% 309 4.41(1.34, 14.50) —_——
Age
Adult 407 1.41(0.21, 9.50) 0.48 —_—
Children 179 1.67 (0.28, 9.93) —_—
Patient number
<100 207 0.61 (0.34, 1.11) 0.004 ——t
>100 379 4.41 (1.34, 14.50) [ S—
Endpoint number
<25 179 1.67 (0.28, 9.93) 0.48 T B mm—
>25 407 1.41(0.21, 9.50) o—
Follow-up time (month)
<60 379 4.41(1.34,1450) 0.004 —_—
>60 287 0.61(0.34, 1.11) . ——t )
0.01 1 10

FIGURE 4: Subgroup analysis of HRs of kidney failure for patients with E and S. Weights are from random-effects analysis.

[39, 40]. However, the pathogenesis of S lesion in IgAVN is not
clear, whether S lesion is the result of active inflammation and
necrosis lesions or the podocytopathy needs further investiga-
tion. Different origins of S lesion in IgAVN might indicate differ-
ent renal outcomes.

Furthermore, in this study, compared with patients in the
IgAN cohort, patients in the IgAVN cohort were younger, and had
higher baseline eGFR, lower MAP, more E lesion and fewer T1/2
lesions than IgAN patients. In a subgroup of the European
Validation Study of the Oxford Classification of IgA nephropathy
(VALIGA) cohort, there were 219 patients with IgAN and initial
proteinuria <0.5 g/day, which is a subgroup not included in the
original Oxford study. All MEST lesions were significantly less fre-
quent in this subgroup compared with the remaining cohort, and
no MEST score predicted renal outcome in multivariate analysis,
even when age was included in the multivariate model [18]. So
for IgAVN patients and the subgroup of IgAN patients at early
phase and with mild clinicopathology presentations, new pathol-
ogy markers need to be investigated to indicate renal outcome.

This study had several limitations. First, all the included
studies were retrospective, thus we could not fully evaluate the
interaction between pathological lesions and immunosuppres-
sant, and immunosuppressant before renal biopsy was incom-
plete or unclear in four studies. Second, renal outcome across
the included studies was not consistent, three studies used 50%
eGFR decline or ESRD as renal outcome and three studies used
30% eGFR decline or ESRD as renal outcome. Third, clinical and
pathological factors included in the multivariate regression
model were not consistent, which can influence the effect sizes

of Oxford classification. Fourthly, there were limited data on
race and age, only one study was from a non-Asian population,
and only two studies were about children; thus we could not
evaluate the use of the Oxford classification according to race
and age. Finally, in order to rule out the occurrence of publica-
tion bias because of the small number of studies included, we
used the funnel plot to test the publication bias and found no
evidence of publication bias in the present meta-analysis. There
is also possibility of publication bias because some studies with
negative results may not be published or are reported only at
meetings. For this reason, we searched conference proceedings
and consulted experts to try to identify unpublished studies. As
immunosuppressive therapy was the biggest confounder of
these results, we also want to analysis patients with and with-
out immunosuppressant in a meta-analysis; however, we have
been unable to obtain such data as yet.

In conclusion, this study confirms that T lesion is associated
strongly with renal progression. The predictive value of MESC
lesions might be influenced due to immunosuppressant. A
larger multicenter study including adults and children across
different races with a longer follow-up is needed to further ex-
amine the predictive value of the Oxford classification in IgAVN
patients. New pathology lesions should also be investigated to
predict renal outcome in IgAVN in the future.
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