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ABSTRACT

Background: The Oxford Classification of IJAN was developed in 2009. Subsequent validation studies found that M and E lesions
were less predictive of ESRD. Varying reproducibility and lack of sufficient clinical relevance have since then resulted in several larger
studies like the VALIGA study which addressed some of the shortcomings of the Oxford Classification. We had previously reported on
a 30 year follow up study of 102 patients with IgA nephritis (IgAN) to validate the Oxford Classification and we showed that E and S
lesions of the Oxford MEST were predictive of patients likely to develop renal failure during the initial 5 years of the disease whereas M
and T scores were predictive of late renal failure as shown in our 30 years follow up of these patients. In this follow up study we explore
how we could expand the relevant histological features of the MEST score as well as include some clinical indices to make the Oxford
Classification more relevant clinically.

Methods: In the present study we compare the Traditional Histological Scores with the Oxford Classification scores as predictors of
disease progression to End Stage Renal Disease (ESRD) as well as their correlation with various clinical indices. This is a comparison
based on the predictive and prognostic values of the individual histological scores from both classifications as well as to ascertain their
association with other histological scores like crescents, global sclerosis and arterial thickening of blood vessels. We also correlated
these histological scores with clinical indices like urinary RBC, proteinuria and eGFR to determine the clinical value of each histological
score.

Results: We have shown through the use of 3 sets of data (Cox regression, Correlation tests and Cumulative renal survival graphs)
that the 4 Oxford scores identify very similar prognostic indicators of disease progression and ESRD with the Traditional scores. Three
other histological indices, crescents, global sclerosis and arterial intimal thickening, irrespective of whether linked to Oxford or Traditional
scores, both sets of data, provide very similar correlations with one another as well as the clinical indices of RBC, eGFR but not TUP.
These were further supported by similarly comparable results between the Oxford and the Traditional scores for the various prognostic
histological and clinical indices as shown by data from Cox regression and cumulative renal survival graphs.

Conclusion: To secure an accurate prognostic index of ESRD in IgAN we need to widen the scope of the MEST scores and include
other traditional scores like crescents, global sclerosis and arterial intimal thickening of blood vessels as well as clinical indices like urinary

RBC, proteinuria and GFR.
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INTRODUCTION

IgAN is the most common glomerular disease worldwide with
ESRD occurring in up to 44% within 30 years [1]. Prevalence, clinical
presentation and course of IgAN varies across countries worldwide
[2]. This may be contributed by differences in genetic susceptibility
[3]. Long term follow data on IgAN have mostly emerged from East
Asia [4,5] with less known about long term renal outcome in multi-
ethnic Southeast Asia.

In 1985 we studied 151 patients with IgA nephritis (IgAN) to
document the natural history and the prognostic indicators after
a 5 year follow up and found that 11% had developed End Stage
Renal Failure (ESRF) [6]. Subsequently in 2000, 15 years later we did
another follow up study and ascertained that 35% of patients had
developed ESRF.

With the implementation of the Oxford classification for [gAN
in 2009 [7], we performed a 30 year follow up study of these patients
in 2015 to validate the Oxford Classification and we showed that E
and S lesions of the Oxford MEST were predictive of patients likely to
develop renal failure during the initial 5 years of the disease whereas
M and T scores were predictive of late renal failure as shown in our 30
years follow up of these patients [1].

Despite the widespread adoption of the Oxford Classification
today, some populations have difficulty in validating the MEST
scores as some of its features are not readily reproducible resulting
in reports with wide variability from different centers [8]. The main
value for using renal pathology is its employment in prediction of
renal outcome of the patient. Because of differing views with regards
to the Oxford Classification [8] we have performed this study
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which compared the Oxford Classification with the Traditional
Classification to determine how far either classification differs in their
prognostic scores for ESRD and to explore how we could perhaps
enable the Oxford Classification to have a more relevant clinical role
in the interpretation of renal histopathology.

In the present study we compare the Traditional Histological
Scores with the Oxford Classification as predictors of disease
progression to End Stage Renal Disease (ESRD) as well as their
correlation with various clinical indices. This is a comparison based
on the predictive and prognostic values of the individual histological
scores from both classifications as well as to ascertain their association
with other histological scores apart from the standard Oxford or
MEST scores. We also utilized Cox regression for various histological
and clinical parameters as well as compared various cumulative renal
survival graphs of the histological indices in relation to progression to
ESRD over the 30 years.

Among the 151 patients in the original study in 1985, we managed
to retrieve the paraffin tissue blocks for 125 biopsy specimens. In
the Oxford Classification, only specimens with at least 8 glomeruli
were acceptable, so after excluding these patients with less than 8
glomeruli, we had only 102 patients for the study using the Oxford
Classification. For the Traditional Classification, the minimum
number of glomeruli was 10.

MATERIAL AND METHODS

For this study, we retrieved 125 stored paraffin blocks from the
original cohort. These were sectioned to 1 pm thickness and stained
with periodic acid-Schiff (PAS). IgAN was diagnosed in the presence
of increased mesangial matrix or mesangial cells by light microscopy,
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isolated or predominant IgA deposits by immunofluorescence and
electron-dense deposits within mesangium by electron microscopy.
Patients with liver disease, systemic lupus erythematosus, and IgA
vasculitis, as well as specimens containing less than 8 glomeruli, were
excluded. All current slides were reviewed by a single pathologist (HLL)
blinded to the patients’ clinical data and ESRD outcome. Glomerular
and tubulointerstitial lesions were classified according to the Oxford
Classification [7], with further characterisation of crescents and
arterial intimal thickening. Similarly for the Traditional Histological
scores, the equivalent lesions of the MEST Oxford Classification
were retrieved from the original biopsy reports performed in 1985
for comparison with the present Oxford Histological scores. Table 1
shows the histological features for the Oxford as well as the Traditional
Classification. We have also included global glomerulosclerosis as
well as crescents and arterial intimal thickening since these lesions
were also included in the Traditional Classification. These 3 lesions
were also compared for the Oxford Classification.

Patients’ demographic, clinical and laboratory data, including
serum creatinine (in mg/ dL), 24 hour total urine protein (TUP;
expressed as g/ day) and urinalysis at presentation and at 5 years
post-biopsy, were obtained from patients’ case records [6]. Estimated
glomerular filtration Rate (eGFR) was calculated using the CKD-
EPI estimation equation [9]. Patients’ presentation was categorized
as gross hematuria, isolated microscopic hematuria, hematuria with
proteinuria >0.2 g/24 hours and isolated proteinuria. ESRD was
defined as eGFR less than 15 ml/min/1.73 m? or serum creatinine
more than 500 pmol/ L or patient received transplantation or chronic
dialysis.

Table 1: Histological classification of IgA nephropathy.
Current histological description including Oxford classification

Oxford Classification

MO: £50% of glomeruli with 24 mesangial cells per
mesangial area
M1: >50% of glomeruli with 24 mesangial cells per
mesangial area
EO: endocapillary proliferation absent
E1: endocapillary proliferation present

Mesangial
hypercellularity

Endocapillary
proliferation
SO0: sclerosis in glomerulus (not involving entire tuft)

Segmental absent
glomerulosclerosis S1: sclerosis in glomerulus (not involving entire tuft)
present
TO: tubular atrophy or interstitial fibrosis in <25% of
cortical area
Tubular atrophy and  T1: tubular atrophy or interstitial fibrosis in 26-50% of
interstitial fibrosis cortical area
T2: tubular atrophy or interstitial fibrosis in >50% of
cortical area
Traditional
Classification
Segmental

1 H T H 0,
Glomerulosclerosis Proportion of total glomeruli with segmental sclerosis (%)

Global Sclerosis Proportion of total glomeruli with global sclerosis (%)

TO: tubular atrophy or interstitial fibrosis in <25% of

cortical area
Tubular atrophy or  T1: tubular atrophy or interstitial fibrosis in 26-50% of
interstitial fibrosis cortical area
T2: tubular atrophy or interstitial fibrosis in >50% of
cortical area

CO: cellular or fibrocellular crescents absent
C1: cellular or fibrocellular crescents present
VO0: arterial intimal thickening absent
V1: arterial intimal thickening present

Crescents

Arterial intimal
thickening
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Statistical analysis

Statistical analysis was performed using SAS 9.4 (SAS Institute
Inc., Cary, NC, USA). Categorical variables are expressed as number
(percentage) and compared using Pearson chi-square test or Fisher’s
exact test where appropriate. Continuous variables are expressed as
mean (+ 2SD) and compared using Student’s t-test. Time from kidney
biopsy to ESRD was analyzed using survival analysis and cumulative
renal survival without ESRD compared using the log-rank test. Cox
regression was used to calculate unadjusted and adjusted HR and
95% confidence interval (CI) for (a) clinical factors (b) clinical and
histological factors associated with ESRD at 5, 20 and 30 years. All
analyses were two-tailed. P values <0.05 were considered statistically
significant.

For correlation coefficients, continuous variables of clinical
indices like proteinuria and degree of haematuria and eGFR were
correlated with the Traditional Histological Indices expressed as
percentages of glomeruli showing a particular histological feature like
Mesangial proliferation (Mes), Endocapillary (Endo) proliferation,
Segmental glomerulosclerosis (Seg Sclero) or Crescents. The Partial
Correlation test was used with a number of survival years (up to 30
years) as the controlling factor for correlation between the Traditional
Histological scores and clinical indices like proteinuria, haematuria,
and eGFR as these are continuous variables.

For categorical variables, the correlation coefficients were derived
from the various clinical indices expressed as categories of severity:
TUP < 1gm/ day, 1 to 2gm/ day and > 2 gm / day as categories 1, 2,
and 3. For Haematuria, RBC <0 to 3 phpf, more than 3 to 20 RBC
phpf, more than 20 and to 100 and >100 RBC phpf as categories 0, 1,
2 and 3. For eGFR those with > 60ml/ min were categorised as 1 and
those with < 60ml/ min as 2. These clinical indices were correlated
with the MEST scores of the Oxford Classification using Kendall’s
correlation as well as Spearman correlation coefficients for non-
parametric data on the SSPS program. Correlation between the MEST
scores and the Traditional Scores were also performed using all 3 tests
of Partial Correlation, Spearman and Kendall Correlation to compare
the correlation for both sets of Oxford and Traditional scores so as
to standardize the procedure as well as for the comparison of the 3
correlation tests. This was shown in a composite table (Table 2).

RESULTS

One hundred and two patients were included in this study. Table
1 shows the histological classification of IgAN and notation for
the tables and figures. The demographic, clinical presentation and
histology are shown in table 3. Mean age at presentation was 24 +
7 years and the majority were Chinese (85%) and male (71%). Most
patients were normotensive (79%) and had normal renal function
with mean eGFR 92 + 32 ml/min; 15 patients (15%) had eGFR <60
ml/min at presentation. Mean proteinuria was 1.8 (£ 2.3) g/ day:
47 patients (46%) had proteinuria >1 g/ day and 24 (24%) patients
had proteinuria >2 g/day. A mean number of glomeruli per sample
were 20. M1, E1, S1, T1 or T2 and crescents were present in 57%,
4%, 28%, 11.8% and 25% of patients with biopsy-proven IgAN
respectively. Arterial intimal thickening was present in 21% and 10%
of total glomeruli were globally sclerosed. For Traditional scores, the
mean number of glomeruli was 12. Mesangial Proliferation (Mes),
Endothelial Proliferation (Endo), Segmental Glomerulosclerosis
(Segs Scl), Tubular Atrophy (TA) and crescents were present in 97%,
2%, and 80% 94% and 24%. Arterial intimal thickening (Vess) in 20%
and Global Sclerosis (Global Scl) in 13%.
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Table 2: Correlation with Clinical and Histological indices for Oxford and Traditional.

Partial Correlation

CorreCoef P value
Age at Last Follow Up
Hematuria (RBC > 3 phpf) Cresc 0.001
Proteinuria Endo 0.01
EPl eGFR Cresc,E,T, Glob S 0.001
Hypertension
OXFORD SCORES
M1 Nil
0.02
E1 T, Cresc 0.01
0.02
S1 T, Glob S 0.01
0.02
T1orT2 E,S, Glob S 0.001
Global Sclerosis ST 0.02
(Glob S) ’ 0.01
Crescents
(Cresc) E 0.02
) - . . 0.04
Arterial Intimal Thickening (Vess) ST 0.02
TRADITIONAL HISTOLO INDICES
(%)
MesangialProlif (%) Nil
. . Seg S, TA, Cres, Ves, TUP 0.05
o , TA, ) ) )
EndocapillaryProlif (%) GFR 0.001
Segmental (Seg S) Endo, Seg S 0.001
Glomerulosclerosis
Tubular Atrophy Endo, Vess 0.03
Global Sclerosis TA, Vess 0.001
0.03
Crescents Endo, RBC 0.001
- ’ . 0.04
Arterial intimal thickening present Endo, TA, Glob S, GFR 0.001

ESRD over 30 years’ follow-up

Coxregression: Table 4 shows the hazard ratio of ESRD at 5,20 and
30 years based on Cox regression. Among the features analyzed were
Clinical variables like renal function, urinary protein, hypertension
and RBC counts, followed by the MEST scores of the Oxford
Classification and the Traditional Histological variables (shown as
the percentage). Fourteen percent (14/102) were in ESRF at the end
of 5 years, 39% (40/102) at 20 years and 44% (45/102) at 30 years.
At 5 years, Oxford Classification scores for E (p < 0.037) and T (p <
0.0001) were significant, but not the M and S. Mes and Endo scores for
Traditional Classification were not significant at 5 years. Based on the
Traditional histological scores (percentage scores), both percentage
Segmental Sclerosis and percentage Global Sclerosis were significant
among ESRF patients, (p < 0.001) and (p < 0.001) respectively.
Crescents and Arterial intimal thickening of blood vessels were
not significant. Clinical parameters included hypertension (p <
0.02) and proteinuria >1gm/day (p < 0.01)) were significant among
patients with ESRF. Microscopic haematuria (RBC >3 phpf) was not
significant. The eGFR at presentation was lower among patients with
ESRD. (p < 0.02).

SCIRES Literature - Volume 3 Issue 1 - www.scireslit.com Page - 017

Kendall Correlation Spearman Correlation

CorreCoef P value CorreCoef P value
0.04 0.04
Glob S, Vess 0.001 Glob S, Vess 005
Glob S 0.02 Glob S 0.02
E,S,T, TA, Glob S, Vess 0.001 T, Endo, TA, Glob S, 00'00025
Nil Nil
0.02 0.02
T, Cresc, GFR 0.001 T,Cresc,GFR 0.001
0.02 0.01
T, Glob S, Vess 0.001 T, Glob S, Vess, GFR 0.001
0.02 0.01
E,S, Glob S, GFR,Vess 0.001 E,S, Glob S, Vess, GFR 0.001
0.02 0.05
S,T, Cresc, TUP 0.002 E,T, Cres, GFR 0.001
0.05 0.05
E, Glob S, 0.002 E, Glob S 0,002
0.04 0.04
ST 0.02 S, T 0.02
Nil Nil
0.05 0.02
Seg S, GFR 0.02 Seg S, TA, GFR 0.005
0.04 0.04
Endo, TA, Glob S 0.001 Endo, TA, Glob S 0.01
0.05
Endo, Seg S, Vess, GFR 0.001 Endo, Seg S 0.01
0.04 Seg S, TA, Vess, RBC, 0.04
Seg S, TA, Vess, GFR 0.001 GFR 0.001
Nil Nil
0.04 0.01
TA, Glob S, RBC, GFR 0.001 TA, Glob S, RBC, GFR 0.001

At 20 years, only the E (p < 0.025) and T scores (p < 0.0001) of the
Oxford Classification were significant. For Traditional Classification,
Endo scores and TA scores were also significant (p < 0.021, < 0.01
respectively). Based on the Traditional histological scores, both
percentage Segmental Sclerosis and percentage Global Sclerosis
were significant among ESRF patients, (p < 0.0001). Crescents and
Arterial intimal thickening were not significant. Among the clinical
indices, hypertension was more prevalent in the ESRF patients
(p < 0.031) together with lower eGFR at presentation (p < 0.004).
Similarly at 30 years, only the E (p < 0.048) and T score (p < 0.0001) of
the Oxford Classification were significant in the ESRD patients. For
the Traditional Classification, Endo scores and TA scores were also
significant (p < 0.02, < 0.03). Based on the Traditional histological
scores, both percentage Segmental Sclerosis and percentage Global
Sclerosis were significant among ESRF patients, (p < 0.001) and (p <
0.01) respectively. Crescents and Arterial intimal thickening were not
significant. Among the clinical indices the eGFR at presentation was
significantly lower for the ESRD patients (P < 0.0042).

Renal survival

ESRD over 30 years’ follow-up: ESRD occurred in 14 (14%),



International Journal of Nephrology & Therapeutics 8

40 (39%) and 45 patients (44%) at 5, 20 and 30 years respectively.
Mean time from diagnosis to ESRD was 10 +7 years. The Kaplan-
Meier cumulative renal survival curve for the 102 patients with IgAN
showed a plateau in the number of renal survivals after 20 years. This
graph is not shown here as it was published in our previous paper [1].

Table 3: Demographic, clinical and kidney histology of patients with biopsy-
proven IgA nephropathy.

N =102
24.36 (6.98)
72 (70.6%)

Age at Presentation, years
Male gender, n (%)

Ethnicity
Chinese 87 (85.3%)
Malay 12 (11.8%)
Indian / Others 3 (2.9%)

Hypertension at presentation, n (%) 21 (20.6%)

Clinical presentation:

Gross hematuria 7(6.9%)

Isolated microscopic hematuria (RBC > 3 phpf) 3 (2.9%)
Hematuria and proteinuria 74 (72.6%)

Isolated proteinuria 6 (5.9%)

Nt yrome s09%

8 (7.8%)
Serum creatinine at presentation, mg/dL 1.19 (0.75)
CKD EPI eGFR at presentation, ml/min/1.73 m? 91.63 (31.6)

Total urine protein at presentation,g/24 hours 1.76 (2.3)
Urinary RBC count at presentation, number per HPF 61.81 (85.2)

Significant hematuria (>3 urine RBC per HPF), n (%)
Oxford Classification

91 (89.2%)

MO: <50% of glomeruli with 24 mesangial cells per mesangial
area

M1: >50% of glomeruli with 24 mesangial cells per mesangial
area

44 (43.1%)
58 (56.9%)

98 (96.1%)
4 (3.9%)
43 (42.2%)
59 (57.8%)
90 (88.2%)

EO: endocapillary proliferation absent
E1: endocapillary proliferation present

SO0: sclerosis in glomerulus (not involving entire tuft) absent
S1: sclerosis in glomerulus (not involving entire tuft) present

TO: tubular atrophy or interstitial fibrosis in <25% of cortical

area 7 (6.9%)
T1: tubular atrophy or interstitial fibrosis in 26-50% of cortical
area .
T2: tubular atrophy or interstitial fibrosis in >50% of cortical 5 (4.9%)
area

CO0: Crescents absent

75 (76%)
C1:Crescents present
25 (24%)
. 40 41%)
GO: Global glomerulosclerosis absent
G1: Global glomerulosclerosis present
60 (59%)
Vess 0:Arterial intimal thickening absent 79 (80%
Vess 1:Arterial intimal thickening present 21 (20%)
Traditional Histological Classification
Mesangial Prolifeartion (%) of glomeruli involved 99 (97%)
Endocapillary Proliferation (%) of glomeruli involved 3 (2%)
Segmental glomerulosclerosis % 82 (80%)
Global glomeruloclerosis, % 10.33 (13.3)
Crescents present, n (%) 25 (24.5%)
Tubular atrophy or Interstitial fibrosis 96 (94%)

Arterial intimal thickening present, n (%) 21 (20.6%)

CKD-EPI eGFR: estimated Glomerular Filtration Rate calculated by CKD

EPI equation; RBC: Red Blood Cell; HPF: High Power Field Microscopy;

M: Mesangial hypercellularity; E: Endocapillary Proliferation; S: Segmental
Glomerulosclerosis; T: Tubular atrophy or interstitial fibrosis; C: Crescents; G:
Global glomerulosclerosis; Vess, arterial intimal thickening.

Categorical variables are expressed as number (percentage) and continuous
variables are expressed as mean (+ 2SD)
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Figures 1A-7A shows Kaplan-Meier renal survival curves for each
of the 4 Oxford MEST lesions plus Crescents, Global Sclerosis and
Arterial intimal thickening designated as a series and their equivalent
for the Traditional Classification designated as B series. For Oxford
Classification (Fig 1A-7A), Endocapillary proliferation (E) (log rank
p =0.001), Segmental Sclerosis (S) (log rank p = 0.001) and Tubular
Atrophy (T) (p = 0.001), Arterial intimal thickening (p = 0.006) were
significantly associated with ESRD. Mesangial proliferation (M) (log
rank 0.773), Crescents (p = 0.224) and Global Sclerosis (p = 0.058)
were not associated with ESRD.

Figures 1B-7B shows the corresponding Kaplan-Meier
renal survival graphs for the Traditional scores for each of the
4 corresponding lesions of Mesangial Proliferation (Mes) (p =
0.427), Endocapillary Proliferation (Endo) (p = 009), Segmental
Glomerulosclerosis (Seg Sclero) (p = 0.001), Tubular Atrophy (p =
0.001) plus Global Sclerosis (p = 0.001), Crescents (p = 0.001) and
Arterial Intimal Thickening (p = 0.001). The Traditional scores
corresponding to the Oxford scores were statistically significant
for Endo, Seg Glomerlosclerosis and Tubular atrophy plus Global
Sclerosis, Crescents and Arterial Intimal Thickening. The only lesion
not significant was Mesangial Proliferation (Mes), consistent with
the Oxford M-score. In addition, the Traditional Scores were also
significant for Crescents and Global sclerosis. Oxford scores barely

missed significance for Global Sclerosis, p < 0.058.
Correlation

Table 2 shows a combination of correlations for Clinical Indices,
Oxford and Traditional Classification, all 3 at one glance, a summary
or Composite Table.

Kendall correlation: Correlation of Oxford Scores with Clinical
Indices (Table of raw data not shown, please refer to Table 2)

M was not correlated with any other parameter.

E correlated with T 0.001, Cresc (Oxford) 0.017, GFR (Oxford)
0.001.

S correlated with T 0.002, Global Sclerosis (Oxford) 0.01, Vessel
(Oxford) 0.015, GFR (Oxford) 0.037.

T correlated with E 0.001, S 0.002, Global Sclero (Oxford) 0.013,
Vessel (Oxford) 0.041, GFR (Oxford) 0.001.

Global Sclero (Oxford) was correlated with S 0.011, T 0.013, Cresc
(Oxford) 0.046, GFR (Oxford) 0.009.

Cresc (Oxford) correlated with E 0.017, Global Sclero (Oxford)
0.046.

Vessel (Oxford) correlated with S 0.015, with T 0.041.
RBC (Oxford) not correlated with any parameter.
TUP was not correlated with any other parameter

GFR Oxford) was correlated with E 0.001, S 0.037, and T 0.001,
Global Sclero (Oxf) 0.009.

Partial correlation: Correlation of Traditional Histological
Indices with Clinical Indices (Table of raw data not shown, please
refer to Table 2).

Mesangial Proliferation (Mes) was not correlated with any other
parameter.

Endocapillary Proliferation (Endo) was correlated with Seg
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Table 4: Cox regression of ESRD at 5, 20 and 30 years.

5 years 20 years 30 years
HR (95% CI) P value HR (95% ClI) P value HR (95% Cl) P value
Age at diagnosis, years 1.00 (0.93-1.08) 0.9529 1.00 90.96-1.05) 0.9152 0.99 (0.95-1.04) 0.8346
Male vs Female 0.98 (0.31-3.13) 0.9752 1.14 (0.57-2.28) 0.7143 1.15 (0.61-2.18) 0.6646
Serum creatinine at 1.65 (1.13-2.40) 0.0089 1.48 (1.13-1.93) 0.0043 1.42 (1.09-1.83) 0.0083
presentation , micromol/L
CKD EPI eGFR at 0.98 (0.96-0.99) 0.0161 0.98 (0.97-0.99) 0.0044 0.99 (0.98-1.00) 0.0042
presentation, ml/min/1.73 m?
Total urine protein at 1.18 (1.04-1.33) 0.0098 1.04 (0.93-1.17) 0.5070 1.02 (0.91-1.14) 0.7652
presentation , g/24 hours
Hypertension Yes vs No 3.57 (1.24-10.31) 0.0185 2011 (1.07-4.14) 0.0311 1.90 (1.01-3.60) 0.0480
Urinary red cell count at 1.00 (0.99-1.01) 0.6255 1.00 (0.99-1.00) 0.5369 1.00 (1.00-1.01) 0.2320
presentation
M1 vs MO 0.98 (0.34-2.83) 0.9726 1.17 (0.62-2.20) 0.6326 1.32 (0.74-2.37) 0.3499
E1vs EO 4.93 (1.10-22.05) 0.0370 3.87 (1.18-12.67) 0.0252 3.26 (1.01-10.57) 0.0486
S1vs S0 2.88 (0.80-10.31) 0.1049 1.87 (0.96-3.62) 0.0649 1.81 (0.99-3.30) 0.0532
T1or T2 vs TO 10.88 (3.79-31.25) <0.0001 5.39 (2.61-11.14) <0.0001 458 (2.26-9.29) <0.0001
Cresc1 vs CrescO 1.26 (0.39-4.00) 0.7006 1.21 (0.60-2.41) 0.5987 1.07 (0.56-2.06) 0.8403
Vessel1 or Vessel2 vs Vesseld  2.25 (0.75-6.72) 0.1461 1.21 (0.57-2.53) 0.6207 1.11 (0.55-2.22) 0.7756
Tup > 1 gm/24 hrs 3.23 (1.01-10.30) 0.0475 1.06 (0.57-1.98) 0.8481 0.99 (0.56-1.75) 0.9751
Traditional Histological Classification
Mesang Prolif (%) 0.96 (0.63-1.47) 0.855 0.97 (0.65-1.46) 0.91 0.96(0.65-1.45) 0.87
Endocap Prolif (%) 2.20 (0.67-7.12) 0.19 4.14(1.24-13.87) 0.021 4.18 (1.26-13.86) 0.02
Haematuria (Rbc > 3 phpf) 0.26 (0.08-0.83) 0.0233 0.71 (0.28-1.80) 0.4680 0.71 (0.30-1.67) 0.4310
% Global Glomerulosclerosis 1.04 (1.00-1.07) 0.0259 1.03 (1.01-1.05) 0.0045 1.03 (1.01-1.05) 0.0010
0,
%o Segmental 1.08 (1.04-1.12) <0.0001 1.06 (1.03-1.09) <0.0001 1.05 (1.03-1.08) <0.0001
GlomeruloSclerosis
% Global Glomerulosclerosis 1.05 (1.02-1.07) <0.0001 1.03 (1.02-1.05) 0.0001 1.03 (1.02-1.05) 0.0001
% Crescents 1.05 (1.00-1.11) 0.0573 1.04 (1.00-1.07) 0.0675 1.03 (0.99-1.06) 0.1913
Tubular Atrophy (TA) TA2 or
TAS ve TAD O TAT 2.61(0.82-8.32) 0.1052 2.47 (1.27-4.78) 0.0076 1.88 (1.05-3.36) 0.0329
Vessel (V1orV2orV3vsV0  1.84 (0.62-5.50) 0.2736 1.67 (0.86-3.24) 0.1288 1.64 (0.89-3.01) 0.1148
Survival Functions Survival Functions
1.07 M 10 Mes
] —10
1.0 . M
= D-censored b ;
——1.0-censored M3
0.8 0.5 1 _'_?22222123
2-censored
t—3-censored
s 0.6 L = 0.6
@ | a
g TH £
3 04 ] 3 04
L
e
.
0.2 — 0.2
0.0 0.0
T T T T T T T T T T T T T T
i} 3 10 15 20 25 30 0 5 10 15 20 25 30
survivyr survivyr

Figure 1A: Kaplan Meier renal survival curves for Oxford MEST histological
parameter M showing no significance in renal survival among those with and
without mesangial proloferation (p = 0.773)

Figure 1B: Kaplan Meier renal survival curves for Traditional histological
parameter Mes (Mesangial proliferation) showing no significance in renal
survival among those with and without mesangial proliferation (p = 0.427).
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Sclerosis 0.001, TA 0.005, Cresc 0.003, Vessel 0.032, TUP 0.009, GFR
0.003.
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Figure 2B: Kaplan Meier renal survival curves for the Traditional histological
parameter Endo (Endocapillary proliferation) showing decrease in renal
survival among those with endocapillary proliferation (p < 0.009).
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renal survival among those with Segmental Glomerulosclerosis (p < 0.001).

TUPI correlated with Endo p < 0.009
GEFR correlated with Endo p < 0.003 and TA 0.007

Kendall correlation: Correlation between Oxford Scores and

Traditional Indices (Table of raw data not shown, please refer to
Table 2).

Among the Oxford Scores: M was not correlated with any of the
MEST scores or any of the Traditional indices.

E was correlated with T 0.001, Cres (Oxford) 0.017, Seg Scl(Trad)
0.016, TA (Trad) 0.008

S was correlated with T 0.002, Seg Scl (Trad) 0.001, TA (trad)
0.001, Cres (Trad) 0.045

T was correlated with E 0.001, S 0.002, Endo (Trad) 0.001, Seg Scl
(Trad) 0.003, TA (Trad) 0.002
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Cresc (Oxford) was correlated with Endo (Trad) 0.017, Seg Scl
(Trad) 0.001, TA (Trad) 0.012

Among the Traditional Histological Indices: Mes (Trad) was
not correlated with any other of the MEST or TRAD scores.

Endo (Trad) was correlated with E (Oxford) (0.001), T (Oxford)
(0.001), Cres (Oxford) 0.017, Seg Sclerosis (Trad) 0.016, TA (Trad)
0.008.

Segmental glomerulosclerosis (Seg Sclero) (Trad) was correlated
with E (Oxford) 0.016, S (Oxford) (0.001), T (Oxford) 0.003, Cresc
(Oxford) 0.001, Endo (Trad) 0.016, TA (Trad) 0.001.
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Figure 4A: Kaplan Meier renal survival curves for the Oxford MEST
histological parameter T showing decrease in renal survival among those with
tubular atrophyand/ or interstitial fibrosis (p < 0.001).
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Figure 4B: Kaplan Meier renal survival curves for the Traditional histological
parameter TA (Tubular Atrophy and /or interstitial fibrosis) showing decrease
in renal survival among those with tubular atrophy and/ or interstitial fibrosis
(p < 0.001).
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Figure 5A: Kaplan Meier renal survival curves for Oxford histological
parameter Crescents showing no significance in renal survival among those
with and without Crescents (p < 0.24).
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Figure 5B: Kaplan Meier renal survival curves for Traditional histological
parameter Crescents showing decrease in renal survival among those with
Crescents (p < 0.001).

Tubular atrophy TA (Trad) was correlated with E (Oxford) 0.008,
S (Oxford) 0.001, T (Oxford) 0.002, Cresc (Oxford) 0.012, Endo
(Trad) 0.008, Seg Sclero (Trad) 0.001.

Cresc (Trad) was correlated with S (Oxford) 0.045.

Hence, for the Oxford MEST scores, S was correlated with Seg
Sclero (Trad); T was correlated with TA (Trad)

As for Traditional scores, Endo (Trad) was correlated with E
(Oxford); Segs Sclero (Trad) was correlated with S (Oxford); TA
(Trad) was correlated with T (Oxford) scores.

On the whole, there appear many similarities between the two
sets of tests and for each classification. The correlations with other
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indices are quite close for the various histological indices despite one
test being for continuous variables (Partial Correlation) and the other
for categorical variables (Spearman).

For the Oxford MEST scores, S was correlated with Seg Sclero
(Trad); T was correlated with TA (Trad)

Similarly, for Traditional scores, Endo (Trad) was correlated with
E (Oxford); Segs Sclero (Trad) was correlated with S (Oxford); TA
(Trad) was correlated with T (Oxford) scores.

Hence, there is a good correlation between E, S and T of the
Oxford scores and their counterparts of Endo, Seg Sclero and TA of
the Traditional scores.

The Clinical Indices seem better correlated with the Traditional
scores compared to the Oxford Classification. Comparing the
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Figure 6A: Kaplan Meier renal survival curves for Oxford histological
parameter Global Sclerosis showing no significance in renal survival among
those with and without Global Sclerosis (p = 0.058).
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Figure 6B: Kaplan Meier renal survival curves for the Traditional histological
parameter Global Sclerosis showing decrease in renal survival among those
with Global Sclerosis (p < 0.001).
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Figure 7A: Kaplan Meier renal survival curves for the Oxford histological
parameter Arterial intimal thickening showing decrease in renal survival
among those with Arterial intimal fibrosis (p < 0.006).
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Figure 8B: Kaplan Meier renal survival curves for the Traditional histological
parameter Arterial intimal thickening showing decrease in renal survival
among those with Arterial intimal fibrosis (p < 0.001).

histological indices there is a good correlation between the Oxford
and the Traditional scores, especially in relation to M and the Mes
scores where both showed no correlation with any other parameter.
For the rest of the scores like E, S and T with Endo, Seg Sclero and
Tubular Atrophy both sets of scores, Oxford and Traditional, were
fairly consistent with the other correlating parameters.

It is interesting with the added histological scores like Global
sclerosis, Crescents and Arterial intimal thickening to both
classifications, which were not in the original Oxford Classification,
these additional scores to the Oxford scores were significantly more
prevalent among patients with ESRD.

TUP was found to be an index of early progression to ESRD in
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Table 5: Summary of scores with clinical and histological indices for Oxford and Traditional Classification as indicators for development of ESRD (1 denotes positive

score).
Cox regression
5yrs 20 yrs 30yrs M E S T
Hematuria (RBC > 3 phpf) 0 0 0
Proteinuria 1 0 0
EPI eGFR 1 1 1
Hypertension 1 1 1
OXFORD SCORES
M1 0 0 0 0
E1 1 1 1 1
S1 0 0 0 1
T1orT2 1 1 1
Crescents 0 0 0
Global Sclerosis 1 1 1
Arterial Intimal Thickening 0 0 0

(Vess)

TRADITIONAL HISTOLO INDICES (%)

MesangialProlif (%) 0 0 0 0
EndocapillaryProlif (%) 0 1 1 1
Segmental (Seg S) 1 1 1 1

Glomerulosclerosis

Tubular Atrophy 0 1 1
Global Sclerosis 1 1 1
Crescents 0 0 0

Arterial Intimal Thickening
(Vess)

Cox regression during the first 5 years (Table 4) and was significantly
correlated with Endocapillary Proliferation (Endo) and Global
Sclerosis., both showing that such patients have early ESRF within 10
years of disease in the Kaplan-Meier renal survival graphs. Similarly,
RBCs were correlated with crescents in the Traditional scores but not
in the Oxford scores. Our present data would seem to suggest that the
Traditional scores are better correlated with various clinical indices
like TUP and RBCs.

Table 5 shows a summary of scores with clinical and histological
indices for Oxford and Traditional Classification as indicators for
the development of ESRD, One (1) denotes a positive score for
development of ESRD and 0 is the converse. From the table, a scoring
system comprising additional features of crescents, global sclerosis,
and arterial intimal thickening as well as clinical data like haematuria,
proteinuria, eGFR would make the scores of the Oxford Classification
comparable with that of the Traditional Classification. The MEST
scores by themselves would otherwise appear to be limited.

DISCUSSION

A previous study by Park, et al. [10] compared the Haas and the
Oxford Classification and concluded that the two classifications were
comparable in predicting progression of IgAN. Their primary end
point was a doubling of serum creatinine and when clinical factors
like eGFR and proteinuria were added the predictive values of the
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Kaplan Meier Survival

Clinical: Kendall Correlation

Cres GIScl BloVe Haem Prot GFR Hpt Total Scores
0
1 5
1 1 3
1 5
0
0 1 1 1 6
1 1 1 3
Total 22
0
3
4
1 4
1 1 1 1 7
1 1
1 1 2
Total 21

classifications were higher than that of the clinical factors alone.
Barbour, et al. [11] also reported that by adding the MEST scores to
clinical data available at time of biopsy (BP, proteinuria and eGFR)
also improve the risk stratification and predictive value of the MEST
scores. He concluded that a combination of MEST scores with BP,
proteinuria and eGFR at the time of biopsy predicted composite renal
outcome similar to using clinical data over two years follow-up.

The VALIGA study by Coppo, et al. [12], included 1147patients
from 13 European countries and was conceived to validate the
Oxford Classification of IgAN in cohorts with different presentations
and treatments. This was because by design the Oxford study did not
include the whole spectrum of cases encountered in clinical practice.
It did not include the great majority of patients with IgAN who had
normal renal function and mild proteinuria. At the other end of the
spectrum, it did not include patients with low eGFR. In addition,
there were various geographical and racial populations which
could not reproduce the results of the Oxford Classification [7,12].
A study by Choi, et al. [13] from Korea found no predictive value
of the MEST scores in their patients who had received steroids and
immunosuppressive treatment. There is a risk of over-interpreting
the data from previous studies as they were all retrospective studies
with uncontrolled doses, time of initiation and duration of therapies
in various populations versus those not on any treatment at all. There
was no real data on natural history as authors claim their studies
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represent nowadays clinical practice rather than any controlled
studies. Hence, the VALIGA study was initiated to address different
presentations and treatments in a European cohort. The authors of the
VALIGA study concluded that the MEST score has to be considered
in the light of both the clinical features, including levels of proteinuria
and eGEFR values and the treatments given before renal biopsy. It also
demonstrated that the post-biopsy therapeutic maneuvers are likely
to modulate some of the pathologic risk factors.

We have reviewed 3 sets of evidence with respect to the Oxford
versus the Traditional Histological features to identify them as
prognostic indicators as well as a guide to disease progression and
made a comparison between these two histological classifications.
The strengths of this study include evaluating the outcomes of the
natural evolution of IgAN without influence by RAS blockade or
immunosuppressive therapy during the first 5 years. Another is
the long-term follow-up duration for a disease known to be slowly
progressive in nature. However its retrospective nature and our
attempts at using various correlation statistical tests to compare
categorical with continuous variables may result in bias.

M (Oxford) and Mes (Traditional) as in Mesangial proliferation
both consistently show no difference between ESRD and non-
ESRD patients. Both M and Mes do not correlate with any of the
other histological or clinical indices of progression and in terms
of cumulative renal survival, short-term, up to 5 to 10 years and
for long term up to 30 years there was no significant difference for
either M or Mes, both features showing a close identity in their non
association with other histological and clinical indices. This is an
interesting feature because, in our previous publication [1], M was
reported as a significant long term prognostic feature of ESRD based
on multivariate analyses, a feature we could show because of our long
duration of the study. Most Asian studies were unable to provide
supportive evidence of the role of M. However in our present report,
we were unable to find a prognostic role for M in our cohort despite
the long duration of observation. Even though M is considered an
adverse prognostic long term indicator in many series [7,14-19], apart
from the Asian series of Zeng [18], most other Asian series could not
find a correlation between M and ESRD [10,15,20].

E (Oxf) and Endo (Trad) as in Endothelial Proliferation
consistently show a close correlation with other histological features
of early progression and early ESRD (within 5 to 10 years). For
both E and Endo, there was a close correlation with Segmental
glomerulosclerosis (Seg Sclero), crescents (Cres), tubular atrophy
(TA) as well as arterial thickening of blood vessels (Vess). There was
also the correlation with clinical indices of activity like RBC and
declining renal function (eGFR) but no correlation with proteinuria
(TUP) on the whole apart from an isolated correlation between TUP
and Endo (Trad). For both E and Endo, many patients with these
lesions were in ESRD by 10 years and E and Endo can be considered
early predictors of disease progression and risk of ESRD.

In our previous report [3] we showed that both E and S like Endo
and Segmental Sclerosis (Seg Scl) were associated with lower eGFR at
presentation and doubling of serum creatinine. These were referred
as “early disease activity predictors.” [21,22].

S as in S (Oxf) and Seg Sclero (Trad) are also early indicators of
poor prognosis and risk of developing ESRD. In our earlier paper [1]
there were more patients with these lesions who had eGFR < 60ml/
min and the higher incidence of ESRD eventually. This is shown
in the Cox regression for Seg Scl (Trad) lesion but not for S (Oxf)
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lesion. E and S are correlated with Endo and Seg Scl, Tubular atrophy
(TA), Global Sclerosis (Glob Scl), Cresc and arterial thickening of
the blood vessel (Vess) as well as RBC and lower eGFR. Cumulative
renal survival shows both S and Seg Sclero have a higher prevalence of
ESRD by 10 years. In Coppo’s study [17], S was associated with renal
non survivors (ESRF). This is in agreement with our present data.

T (Oxf) and TA (Trad) as in Tubular Atrophy/interstitial fibrosis
is an important prognostic index for ESRD throughout the 30 years
but more so as a late predictor as shown in the Cox regression where
there was significance at 20 and 30 years for Traditional scores but
significant at 5, 20 and 30 years for the Oxford scores. On the basis of
the cumulative renal survival graphs, both T and TA were significant
predictors of ESRD., closely correlated with S and Segmental
Sclerosis, Global Sclerosis and Arterial intimal thickening but not
RBC, eGFR or TUP. Various workers worldwide are in agreement
that T and TA are both short and long term predictors of ESRD
[1,13,14,16,17,19,21,23,24].

OTHER SCORES

Crescents for both the Oxford and Traditional scores as well as by
Cox regression were not significant predictors of ESRD, but with the
cumulative renal survival graphs for the Traditional score, crescents
were significantly associated with ESRD (p < 0.001) though not with
the Oxford score (p = 0.244). Also, crescents were closely correlated
with E and Endo and T scores, RBC and eGFR decline but not with
TUP. In fact, for many studies among the Oxford scores, Crescents
were not significantly associated with ESRD except for a series from
China by Zeng, et al. [18] who found an association between the
presence of crescents and TUP.

In our recent paper [1] we had shown that crescents were not
associated with ESRD, but our earlier study of the original cohort of
151 patients [6], based on traditional scores we reported that Crescents
was a significant adverse prognostic indicator with respect to ESRD.
In some even more recent studies [25,26], crescents were found to
be a significant adverse predictor and the authors managed to link
Crescents as another important score of the Oxford Classification
[25,26]. Crescents though found by Katafuchi [23] and Halling [24]
to be poor prognostic indicator of ESRD. Many other workers like Shi
[20] and Lee [21], despite the presence of crescents in large numbers
of their patients, could not find a poor prognostic significance for
crescents in their cohorts, though many other series attributed this to
the low prevalence of crescents in their cohorts.

In a recent update from the workgroup of the Oxford
Classification, Trimarch, et al. [26] reported that in a larger, more
broad based cohort than the original Oxford Study, Crescents (C)
are predictive of outcome and they now recommend that C be added
to the MEST score and biopsy reporting should provide a MEST-C
score. In another report of a multicenter study of the predictive
value of Crescents in IgAN by Haas, at al. [25], in a series pooled
from 4 retrospective studies, involving 3016 subjects, crescents
were associated with = 50% decline in eGFR or ESRD. Among these
subjects the median proteinuria was 1.2 gm/day and 36% had cellular
or fibrocellular crescents. The authors proposed adding the following
crescent scores to the MEST scores: CO (no crescents), C1 (crescents
in less than one-fourth of glomeruli) and C2, (crescents in over one-
fourth of glomeruli), to identify patients at greater risk of progression,
even with immunosuppression.

Arterial intimal thickening (Vess) though not significant on
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Cox regression was a significant predictor of ESRD on the basis of
cumulative renal survival curves both for Oxford and the Traditional
scores. In our earlier work [27], we had documented that Arterial
Thickening of blood vessels (Vess) was associated with ESRD. In
this present study, Arterial intimal thickening (Vess) was correlated
with Endo, S and T well as RBC and deline in eGFR. Nasri, et al. [28]
reported the significance of vasculopathy in IgA nephropathy and in
an evaluation of Oxford scores found a significant correlation of the
scores of arterial intimal fibrosis with serum creatinine and degree of
proteinuria.

Global Sclerosis was significantly associated with ESRD for both
the Oxford and the Traditional scores on Cox regression. But with
the cumulative renal survival graphs, Global Sclerosis has a significant
association with ESRD in the Traditional scores (p < 0.001) but not
the Oxford scores (p < 0.058). Global sclerosis was correlated with
S and Seg Scl together with T and Cresc. For clinical indices, only
TUP (Oxford score) was correlated with Global Sclerosis using
Kendall correlation as shown in table 2. These data confirmed that
histological features of chronic damage such as T lesions and extent
of Global Sclerosis were most strongly associated with long term
ESRD, regardless of geography or ethnicity [10,16-18,21,22,29,30].

We have shown through the use of 3 sets of data (Cox regression,
Correlation tests and Cumulative renal survival graphs) that the 4
Oxford scores identify very similar prognostic indicators of disease
progression and ESRD with the Traditional scores. Three other
histological indices, Crescents, Global Sclerosis and Arterial intimal
thickening, irrespective of whether linked to Oxford or Traditional
scores, both sets of data, provide very similar correlations with one
another as well as the clinical indices of RBC, eGFR but not TUP.
These were further supported by similarly comparable results between
the Oxford and the Traditional scores for the various prognostic
histological and clinical indices as shown by data from Cox regression
and cumulative renal survival graphs.

However, while both Oxford and Traditional scores are
comparable, the two sets of scores are not totally correlated. There
was no direct correlation between the MEST and the Traditional
scores, perhaps because the Oxford scores are categorical whilst
the Traditional scores are continuous variables and therein lies the
difference when one compares apples to oranges though both are
fruit. With our use of 3 different statistical correlation coefficients
and transforming the Traditional score into categorical scores and
using Kendall correlation for both sets of scores as well as the use
of partial correlation for both sets including Spearman correlation
(non parametric correlation) again for both sets, we showed that the
scores for both sets of Oxford and Traditional data had very similar
correlation among the other various histological and clinical indices,
but we still cannot categorically report that both the Oxford and the
Traditional Scores were directly and totally correlated, not among
themselves, i.e. M,E,S.T versus Mes, Endo, Seg Scl, TA. At best, using
3 types of correlation tests we managed to explore the similarities
amongst the shared and commonly associated prognostic histological
and clinical indicators of disease progression between these two
classifications.

The present Oxford Classification may not be clinically relevant
for all populations across the globe as certain features of the MEST
scoring are not suitably reproducible and their correlation with the
renal outcome uncertain. The limited range of histological scoring
of MEST has excluded other essential histologic features like
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crescents, global sclerosis and arterial intimal thickening. In order
to be clinically relevant the MEST scores should be expanded and
considered together with clinical indices like haematuria, eGFR,
proteinuria and hypertension.

CONCLUSION

Both sets of Oxford and the Traditional scores though showing
no direct correlation between MEST versus Mes, Endo, Seg Sclerosis
and TA of the Traditional scores on Partial Correlation, Kendall and
Spearman correlation, they nevertheless showed similar correlations
with various other histological and clinical indices relating to
progression to ESRD. The cumulative renal survival graphs also
showed similar trends for ESRD. Other Traditional scores, scores like
Crescents, Global sclerosis and Arterial intimal thickening, though
not classified as Oxford scores also shared some common trends with
the Oxford scores.

This is also bourne out by Cox regression showing E,S and
Endo, Seg Sclero as early prognostic indicators and T, TA, Global
sclerosis and Arterial intimal thickening as late predictors. Both sets
of scores also showed no significance for M and Mes. Crescents were
significant only for the Traditional scores and TUP mostly showed
no correlation with other parameters, though Crescents have recently
been admitted amongst the MEST scores of the Oxford Classification
as MEST- C [25,26].
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