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The Oxford Classification of IgA nephropathy (IgAN)
includes the following four histologic components:
mesangial (M) and endocapillary (E) hypercellularity,
segmental sclerosis (S) and interstitial fibrosis/tubular
atrophy (T). These combine to form the MEST score and are
independently associated with renal outcome. Current
prediction and risk stratification in IgAN requires clinical
data over 2 years of follow-up. Using modern prediction
tools, we examined whether combining MEST with cross-
sectional clinical data at biopsy provides earlier risk
prediction in IgAN than current best methods that use 2
years of follow-up data. We used a cohort of 901 adults
with IgAN from the Oxford derivation and North American
validation studies and the VALIGA study followed for a
median of 5.6 years to analyze the primary outcome (50%
decrease in eGFR or ESRD) using Cox regression models.
Covariates of clinical data at biopsy (eGFR, proteinuria,
MAP) with or without MEST, and then 2-year clinical data
alone (2-year average of proteinuria/MAP, eGFR at biopsy)
were considered. There was significant improvement in
prediction by adding MEST to clinical data at biopsy. The
combination predicted the outcome as well as the 2-year
clinical data alone, with comparable calibration curves. This
effect did not change in subgroups treated or not with RAS
blockade or immunosuppression. Thus, combining the
MEST score with cross-sectional clinical data at biopsy
provides earlier risk prediction in IgAN than our current
best methods.
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U ntil recently, there has not been a reproducible and
validated histologic classification of IgA nephropathy
(IgAN). The MEST score as part of the Oxford Clas-

sification overcomes these obstacles, and various components
of its score have been validated in multiple studies worldwide
to be associated with hard renal outcomes independent of
kidney function, blood pressure, and proteinuria both at
presentation and over time.1–5 However, it remains largely
unknown whether the MEST score can quantitatively improve
the prediction of individual patient prognosis and guide
management decisions at the time of biopsy.

The current approach to determining the risk of renal
progression in IgAN using clinical data alone is challenging
owing to the highly variable nature of the disease. Previous
studies suggest that 2 years or longer of follow-up proteinuria
and blood pressure data is needed before a clinically mean-
ingful prediction can be achieved.6–11 This approach has
limited utility in clinical practice given current guidelines that
recommend treatment decisions based mostly on clinical
features near the time of biopsy.12 We hypothesize that by
adding the MEST score from the Oxford Classification to
clinical data available at the time of biopsy, we can improve
risk stratification earlier in the course of disease and predict
the risk of renal outcome to the same degree as using lon-
gitudinal blood pressure and proteinuria over 2 years of
follow-up. If the MEST score can achieve accurate risk strat-
ification 2 years sooner than methods used in current clinical
practice, it would allow earlier modification of patient treat-
ment, which in turn may help preserve functioning nephron
mass.

To address our hypothesis, we pooled cohorts from the
VALIGA, Oxford, and North American validation studies in
IgAN to compare the prediction of a hard renal outcome
using the combination of renal function, blood pressure, and
proteinuria at biopsy with and without the MEST score versus
using only renal function and longitudinal changes in blood
pressure and proteinuria over 2 years.1,3,4 Because the use of
renin-angiotensin system blockade (RASB) prior to biopsy
and immunosuppression use during follow-up have the po-
tential to impact the relationship between pathology and renal
outcome, we repeated our analyses in a priori defined sub-
groups on the basis of the use of these medications.
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RESULTS
Description of the cohort
There were 901 patients included in the analysis (Figure 1), and
a description of the cohort is provided in Table 1. Overall, RASB
was used in 38.4% at the time of biopsy and in 85.8% during
follow-up starting a median of 0.6 months after biopsy
(interquartile range 0, 11.5). Immunosuppression was used in
35.7% starting a median of 1.9 months after biopsy (inter-
quartile range 0.1, 7.2). The primary renal outcome was a
composite of end-stage renal disease (ESRD) or a 50% reduc-
tion in estimated glomerular filtration rate (eGFR) compared
with baseline. This occurred in 18% (N¼ 162) of patients and
was composed of 21.6% (N ¼ 36) from the Oxford study,
16.1% (N¼ 14) from theNorthAmericanvalidation study, and
17.3% (N ¼ 112) from the VALIGA study. The 5- and 10-year
risks of the composite renal outcome were 11.2% and 26.8%,
respectively, as shown in the Kaplan–Meier curves in Figure 2.

Using MEST for risk prediction at the time of biopsy
The risks of the composite renal outcome associated with the
combination of MEST plus clinical data at biopsy (eGFR,
mean arterial blood pressure [MAP], and proteinuria) or with
2-year clinical data alone (eGFR at biopsy and 2-year averages
of MAP and proteinuria) are shown in Table 2. MEST as a
group (P < 0.0001) and T1, T2, and M1 scores individually
(P < 0.0001 and 0.018) were significantly associated with the
renal outcome independent of clinical data at biopsy.

When MESTwas added to clinical data at biopsy, there was
improvement in the prediction of the composite renal
N = 1599 eligible patients
N = 265 Oxford derivation study
N = 187 North American validation study
N = 1147 VALIGA study

N = 495 did not meet inclusion
criteria

N = 277 age <18 years
N = 8 ESRD at biopsy
N = 210 <2 years of follow-up

N = 1104 met inclusion criteria:
N = 196 Oxford derivation study
N = 130 North American validation study
N = 778 VALIGA study

N = 203 excluded
N = 146 missing eGFR,
proteinuria, or MAP at biopsy
N = 57 missing proteinuria or
MAP during first 2 years

N = 901 included in the final cohort and all
analytic models:

N = 167 Oxford derivation study
N = 87 North American validation study
N = 647 VALIGA study

Figure 1 | Derivation of the cohort. eGFR, estimated glomerular
filtration rate; ESRD, end-stage renal disease; MAP, mean arterial
blood pressure.
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outcome compared with using clinical data alone. There was
an increase in R2 by 5.5% (12.6 vs. 18.1%) and a reduction in
Akaike Information Criterion (AIC) by 41 (1777 down to
1736), demonstrating better model fit. There was also sig-
nificant improvement in the ability to discriminate between
those who did or did not experience the composite renal
outcome 5 years after biopsy as measured by the change (D)
in C-statistic (0.05), continuous net reclassification
improvement (cNRI) (0.28), and integrated discrimination
improvement (IDI) (0.06) with 95% confidence interval (CI)
that were greater than the null value (see Table 3). Consistent
with previous studies, 2-year clinical data predicted the
composite renal outcome better than clinical data at the time
of biopsy.10,11 This was demonstrated by an increase in R2 by
6.5% (12.6 vs. 19.1%), reduction in AIC by 60 (1777 down to
1717), and significant improvements in the DC-statistic
(0.05), cNRI (0.38), and IDI (0.06) (see Table 3). The equa-
tions for each regression model that were used to calculate the
probability of surviving 5 years without the composite renal
outcome are provided in Table 3.

In addition, when MEST was added to the clinical data at
biopsy, prediction of the composite renal outcome was similar
to that using 2-year clinical data alone. This was evident by
similar model fit with a difference in R2 of only 1.0% (18.1 vs.
19.1%) and a difference in AIC of only 19 (1736 vs. 1717), and
no significant changes in the DC-statistic (�0.007), cNRI
(�0.08), and IDI (0.001) in Table 3 with 95% CI that included
the null value. The receiver operating curves in Figure 3
demonstrate near superimposable curves for the two models.
The calibration curves in Figure 4 show that there was similar
and good calibration in both models, in that the observed and
predicted risks were close to each other within the spectrum
of predicted survival observed in the cohort (>80%). These
results demonstrate that compared with using 2-year clinical
data alone, the combination of MEST with clinical data at
biopsy predicts the composite renal outcome with similar
model fit and discrimination, and no loss in calibration.

Sensitivity analyses within subgroups based on the use of
RASB and immunosuppression
We performed sensitivity analyses in separate subgroups on
the basis of RASB exposure at the time of biopsy, and on the
basis of immunosuppression use during follow-up (see
Supplementary Tables S1 and S2 online). In multivariable
models that included clinical data at biopsy, the MEST score,
and interaction terms between each MEST component and
either RASB or immunosuppression exposure as appropriate,
none of the interaction terms were significant (data not
shown). This suggests that after adjusting for clinical data at
biopsy, the association between eachMEST component and the
composite renal outcome did not depend on the prior use of
RASB or subsequent use of immunosuppression. We repeated
assessments of prediction performance in subgroups on the
basis either of RASB or of immunosuppression exposure. In all
subgroups, the primary findings regarding risk prediction in
the overall cohort did not change (data not shown).
Kidney International (2016) 89, 167–175



Table 1 | Description of the cohort

Total
N ¼ 901

Oxford
derivation N ¼167

North American
validation N ¼ 87

VALIGA
N ¼ 647

Follow-up (years) 5.6 (3.8, 8.8) 6.8 (4.8, 9.2) 4.9 (3.9, 7.3) 5.4 (3.5, 8.8)
Age (years) 38.1 (29.2, 49.2) 36.1 (28.8, 46.8) 41.8 (31.3, 47.2) 38.4 (28.8, 50.2)
Male sex 640 (71%) 117 (70.1%) 51 (58.6%) 472 (73%)

Race
Caucasian 780 (86.6%) 107 (64.1%) 45 (51.7%) 628 (97.1%)
Black 12 (1.3%) 4 (2.4%) 2 (2.3%) 6 (0.9%)
Asian 76 (8.4%) 52 (31.1%) 21 (24.1%) 3 (0.5%)
South Asian 9 (1%) 0 (0%) 0 (0%) 9 (1.4%)
Other 11 (1.2%) 4 (2.4%) 6 (6.9%) 1 (0.2%)

Creatinine at biopsy (mmol/l) 106.1 (85.0, 140.8) 105.6 (81.0, 130.0) 98.0 (80.0, 132.0) 106.1 (86.6, 147.0)
eGFR at biopsy (ml/min per 1.73 m2) 68.4 (48.5, 88.6) 69.5 (55.3, 93.1) 69.8 (56.0, 85.8) 67.3 (45.9, 88.4)
MAP at biopsy (mm Hg) 100.0 (93.3, 106.7) 99.3 (90.7, 106.7) 98.7 (90.0, 106.0) 100 (93.3, 106.7)
MAP averaged over 2 years (mm Hg) 97.2 (91.3, 103.6) 97.0 (90.0, 103.3) 93.9 (88.4, 98.4) 97.9 (92.2, 104.4)
Proteinuria at biopsy (g per day) 1.5 (0.8, 2.6) 1.7 (1.1, 2.9) 1.6 (1.1, 2.8) 1.4 (0.7, 2.6)
Proteinuria averaged over 2 years (g per day) 1.1 (0.6, 2.1) 1.4 (0.8, 2.2) 1.2 (0.7, 2.0) 1.0 (0.5, 2.0)
Use of RASB at biopsy 346 (38.4%) 37 (22.2%) 27 (31%) 282 (43.6%)
Use of RASB during follow-up 773 (85.8%) 132 (79%) 75 (86.2%) 566 (87.5%)
Use of any immunosuppression during follow-up 322 (35.7%) 25 (15%) 32 (36.8%) 265 (41%)

Pathology
M1 383 (42.5%) 131 (78.4%) 78 (89.7%) 174 (26.9%)
E1 163 (18.1%) 62 (37.1%) 27 (31%) 74 (11.4%)
S1 676 (75%) 132 (79%) 57 (65.5%) 487 (75.3%)
T1 161 (17.9%) 32 (19.2%) 15 (17.2%) 114 (17.6%)
T2 38 (4.2%) 8 (4.8%) 2 (2.3%) 28 (4.3%)
Crescents 154 (17.1%) 68 (40.7%) 28 (32.2%) 58 (9%)

eGFR, estimated glomerular filtration rate; IQR, interquartile range; MAP, mean arterial blood pressure; RASB, renin-angiotensin system blockade.
Data presented as median (IQR) or count (percentage).
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The role of mesangial hypercellularity in reducing the need
for 2-year clinical data
Because M1 was associated with the composite renal outcome
when added to baseline clinical data (see Table 2), we
explored whether mesangial hypercellularity may explain part
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Figure 2 | The risk of the individual components that contribute
to the primary composite renal outcome (first occurrence of
either a 50% reduction in estimated glomerular filtration rate
[eGFR] or end-stage renal disease [ESRD]). The 5-, 10-, and 15-year
risk of survival without the composite outcome was 88.8%, 73.2%,
and 55.4%, respectively.
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of the benefit of the MEST score in predicting outcome at the
time of biopsy. When we stratified the cohort on the basis of
mesangial score, those with M1 compared with M0 had
similar MAP but higher proteinuria at biopsy (1.8 vs. 1.2 g
per day, P < 0.001), at 2 years (0.9 vs. 0.52 g per day,
P < 0.001), and over the entire first 5 years of follow-up (see
Supplementary Table S3 online and Supplementary Figure S1
online). In the model in Table 2 with MEST and clinical data
at biopsy, the hazard ratio (HR) for M1 was 1.49 (95% CI
Table 2 | The results of multivariable models for the risk of a
50% decline in eGFR or ESRD that included either the MEST
score with clinical data at the time of biopsy, or clinical data
over 2 years

HR 95% CI P-value

Model containing clinical data at biopsy
eGFR at biopsy 0.99 0.98–0.99 0.020
Proteinuria at biopsy 1.59 1.29–1.96 <0.0001
MAP at biopsy 1.02 1.01–1.03 <0.0001
MEST score <0.0001
M 1.49 1.07–2.07 0.018
E 1.15 0.78–1.71 0.483
S 1.31 0.81–2.12 0.267
T1 2.92 2.01–4.26 <0.0001
T2 4.21 2.28–7.78 <0.0001

Model containing 2-year clinical data
eGFR at biopsy 0.98 0.97–0.99 <0.0001
Proteinuria over 2 years 2.62 2.14–3.22 <0.0001
MAP over 2 years 1.02 1.00–1.03 0.017

CI, confidence interval; eGFR, estimated glomerular filtration rate; ESRD, end-stage
renal disease; HR, hazard ratio; MAP, mean arterial blood pressure.
Proteinuria was log-transformed.
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Table 3 | The discrimination performance of different models predicting the risk of a 50% reduction in eGFR or ESRD at
5 years after biopsy

C-statistic (95% CI) D C-statistic (95% CI) cNRI (95% CI) IDI (95% CI)

Models containing clinical data at biopsy
Clinical data at biopsya 0.75 (0.72, 0.79) — — —

Clinical data at biopsy and MESTb 0.80 (0.77, 0.84) 0.05 (0.03, 0.08) 0.28 (0.16, 0.43) 0.06 (0.04, 0.11)

Models containing clinical data without MEST
Clinical data at biopsya 0.75 (0.72, 0.79) — — —

2-year clinical datac 0.80 (0.77, 0.84) 0.05 (0.08, 0.03) 0.38 (0.5, 0.22) 0.06 (0.11, 0.03)

Models containing clinical data at biopsy with MEST, or 2-year clinical data alone
2-year clinical datac 0.80 (0.77, 0.84) — — —

Clinical data at biopsy and MESTb 0.80 (0.77, 0.84) �0.007 (�0.03, 0.03) �0.08 (�0.28, 0.17) 0.001 (�0.04, 0.07)

CI, confidence interval; cNRI, continuous net reclassification improvement; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; IDI, integrated
discrimination improvement; MAP, mean arterial blood pressure.
Clinical data at biopsy included eGFR, MAP, and proteinuria; 2-year clinical data included eGFR at biopsy and 2-year averages of MAP and proteinuria. For each regression
model, we provide the equation to calculate the probability of survival without the composite renal outcome at 5 years.
Survival (5 years) ¼ So

ELp, where S0 is the baseline survival at 5 years, and ELp is the exponential of the linear predictor as below:
aSo ¼ 0.962; ELp ¼ exp(�0.019*eGFR at biopsyþ0.553*ln(Proteinuria at biopsy)þ0.020*MAP at biopsy)
bS0 ¼ 0.993; ELp ¼ exp(�0.009*eGFR at biopsyþ0.464*ln(Proteinuria at biopsy)þ0.022*MAP at biopsyþ0.397*Mþ0.142*Eþ0.272*Sþ1.073*T1þ1.438*T2)
cS0 ¼ 0.955; ELp ¼ exp(�0.020*eGFR at biopsyþ0.964*ln(Proteinuria over 2 years)þ0.018*MAP over 2 years).
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1.07–2.07, P ¼ 0.018). However, when proteinuria at biopsy
was replaced by the average proteinuria over 2 years, the HR
for M1 was substantially attenuated to 1.33 (95% CI 0.96–
1.84, P ¼ 0.09). In comparison, when MAP at biopsy was
replaced MAP over 2 years, the HR for M1 was unchanged
(HR ¼ 1.47 95% CI 1.05–2.03, P ¼ 0.02). These results
suggest that M1 is associated with changes in proteinuria (but
not MAP) over time, and the M1 score explains some of the
same risk of the composite renal outcome as the average
proteinuria (but not MAP) over 2 years.

Examples of using MEST to predict outcomes at the time of
biopsy
To illustrate the clinical relevance of our results, we generated
subgroups whose initial eGFR was $50 ml/min per 1.73 m2
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rate (eGFR) or end-stage renal disease (ESRD) using clinical data at
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area under the curve.
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but with different proteinuria levels at biopsy. The addition of
M and T scores identified patients at biopsy with similar risk
as those with 2-year proteinuria values between 1 and 2 grams
per day (who would qualify for steroid treatment in the
KDIGO guidelines12) (see Figure 5). For example, compared
with patients with 2-year proteinuria of 1–2 gram per day, the
risk of renal outcome was similar in those with proteinuria at
biopsy # 1 gram per day but with M1 (P ¼ 0.56). Conversely,
the risk was much lower in patients with proteinuria at
biopsy # 1 gram per day but with M0 (P ¼ 0.008), who had a
similar risk as patients with proteinuria at biopsy of 1–1.5
gram per day but with M0 and T0 despite the higher degree of
proteinuria (P ¼ 0.67).
DISCUSSION
We used a large well-characterized cohort of patients with
IgAN to demonstrate that the addition of MEST to baseline
eGFR, blood pressure, and proteinuria substantially
improves prediction of the patient-level risk of a 50%
decline in renal function or ESRD. More particularly, it has
comparable accuracy with the currently established method
using 2 years of blood pressure and proteinuria measure-
ments to predict the subsequent risk of renal function
decline.10 In addition, the quantitative benefit of using
MEST to predict long-term outcomes was unchanged in
subgroups based on the prior use of RASB or subsequent
use of immunosuppression. This is the first study to
demonstrate that the MEST score improves the clinical
utility of risk stratification in IgAN by allowing accurate
prediction at the time of biopsy. This potentially eliminates
the need for 2 years of follow-up data before making
patient-related treatment decisions.

IgAN is an extremely heterogeneous disease with highly
variable risk of kidney function decline, and currently, there is
no established prediction tool widely used in clinical prac-
tice.6–9 Previously, it has been demonstrated that the Lee
histology classification was not independently associated with
Kidney International (2016) 89, 167–175
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outcome, that baseline clinical data were insufficient to predict
the rate of renal function decline, and that at least 2 years of
blood pressure and proteinuria measurements were
required.10,11 The major limitation of this approach in clinical
practice is the 2-year wait time. Earlier prediction of outcomes
would be preferable, as it would allow the introduction of
effective treatments 2 years sooner, which may improve the
preservation of nephron mass and potentially delay the pro-
gression of IgAN. To overcome this limitation, newer pre-
diction models have combined pathology features with
clinical data at biopsy, but most have used histology classifi-
cations that have not been validated or that are not
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independently correlated with outcome, and none have
compared their results with using blood pressure and pro-
teinuria measured over time.7,13–17 Since the publication of
the original Oxford Classification, multiple studies have
shown an association between some or all of the MEST
components and renal outcome independent of blood pres-
sure and proteinuria during follow-up.1–3,5 Our results
expand upon these observations by using newer statistical
techniques to evaluate the prediction of individual patient-
level outcomes in a way that is not possible from simple
multivariable analysis. We demonstrate that when the MEST
score is combined with cross-sectional data available at renal
biopsy (i.e., eGFR, blood pressure, and proteinuria), it is
possible to predict renal outcome with similar accuracy as if
one had 2 years of follow-up data. This effect cannot be
observed from our multivariable model results alone, but is
instead apparent from our more detailed prediction analysis.
We show, as examples, that patients with mesangial hyper-
cellularity (M1) and proteinuria at biopsy # 1 gram per day
have a similar renal prognosis as those with persistent pro-
teinuria between 1 and 2 grams per day, suggesting that
despite lower protein excretion, this is a high-risk group that
may benefit from earlier immunosuppression potentially
improving the preservation of nephron mass. Conversely,
patients with higher grades of proteinuria of 1–1.5 grams per
day at biopsy but with both minimal mesangial hyper-
cellularity (M0) and minimal interstitial fibrosis (T0) have a
favorable prognosis, suggesting prolonged observation and
RASB is all that is required thereby sparing the potential
toxicity of immunosuppressive therapy. Although individual
risk of immunosuppression and specific patient characteristics
were not included in our models, these illustrations demon-
strate the potential benefits to clinical treatment decisions that
arise from accurate risk prediction at the time of biopsy using
the MEST score.
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Immunosuppression and RASB are both thought to have
structural effects on glomerular pathology, and clinical trials
have shown that they decrease the risk of renal function
decline in select patients with IgAN.18–26 As such, it is
important to consider whether the significance of the MEST
score as a predictor of outcome is dependent on the prior use
of RASB or the subsequent use of immunosuppression. We
therefore repeated our analyses in subgroups based on treat-
ment exposures. Our primary findings were unchanged
irrespective of prior RASB or subsequent use of immuno-
suppression. However, owing to substantial confounding by
indication, these results most accurately apply to patients who
happen to have been exposed to these therapies. To truly
evaluate the more clinically relevant situation of predicting
patient outcomes under different treatment scenarios would
require comparing otherwise similar groups of patients. This
type of analysis could only be carried out in much larger
cohorts to allow sufficient matching on treatment indications.
Future international research collaborations that merge
existing Oxford validation datasets may provide the infra-
structure capable of such analyses.

This study provides novel insights into the importance of
mesangial hypercellularity within the overall Oxford Classi-
fication. Whereas most studies demonstrate a clear associa-
tion between tubulointerstitial fibrosis and renal outcome
independent of clinical data either at biopsy or over time,
there have been less consistent findings with mesangial
hypercellularity.1–3,27–29 We observed that an M1 score was
associated with the composite renal outcome independent of
clinical data at biopsy; that M1 was correlated with higher
levels of proteinuria but not blood pressure both at biopsy
and during follow-up; and that the risk of renal outcome
explained by an M1 score was also explained by 2-year
proteinuria but not 2-year blood pressure. Although the
use of RASB or immunosuppression therapies may have
altered proteinuria and were statistically different between
mesangial score groups, there was no clear treatment pattern
favoring one group over the other, and the absolute differ-
ences were small. This suggests that mesangial hyper-
cellularity provides important information at the time of
biopsy about the likelihood of higher levels of proteinuria
over time, and that it therefore has an important and inde-
pendent role in the prediction performance of the MEST
score.

There are several limitations that should be considered
when interpreting our results. Owing to different eras and
inclusion criteria of the studies, there were differences in
geography, treatment, and pathology between the Oxford and
VALIGA cohorts. To account for any potential data clustering
within cohorts that may have resulted, we performed a
sensitivity analysis using shared frailty models. There was no
substantial change in our multivariable model results and
none of the frailty estimates were statistically significant (data
not shown), suggesting it is unlikely that our primary findings
depend on systematic differences between the cohorts. By
necessity, we required at least 2 years of follow-up, which
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excluded patients who progressed to ESRD within that time
potentially limiting generalizability. However, predicting
outcome within this rapidly progressive group is clinically
obvious and not representative of the overall IgAN popula-
tion. We specifically did not consider changes in eGFR over 2
years in our analysis in order to be consistent with other
studies that used only renal function at biopsy, and because
our emphasis was on improving risk prediction at the time of
biopsy.1–4,10 Similar to other research investigating the MEST
score in IgAN, treatment in our cohort was not standardized
but was instead according to local practice. The majority
(85.8%) were given RASB during follow-up starting a median
of 0.6 months after biopsy; as such, our results most accu-
rately generalize to this group of patients. Given the KDIGO
GN guidelines that endorse RASB and the near universal use
in clinical practice, this strengthens the real-world applica-
bility of our results.12,30 We did not have data on the dose of
RASB or the duration of use prior to biopsy, and hence
cannot exclude the possibility that these impacted our results.
The largest R2 for our models was only 19.1%, suggesting
substantial variability in outcome not explained by pathology,
renal function, proteinuria, and blood pressure. This may be
improved in future research that considers other demographic
and prognostic variables that by design were not included in
our analysis, with the goal of systematically deriving and
validating a comprehensive prediction model in IgAN suitable
for use in diverse populations. However, our calibration
curves do show sufficiently comparable predicted and
observed risks that our results are nonetheless applicable in
the clinical care of patients similar to our cohort.

In conclusion, using a large international cohort, we have
shown that the combination of MEST score with readily
available blood pressure, proteinuria, and eGFR at the time of
biopsy predicted the composite renal outcome similar to
using clinical data over 2 years of follow-up. We provide il-
lustrations of the clinical utility and potential therapeutic
implications of the earlier risk stratification provided by the
Oxford Classification.
MATERIALS AND METHODS
Study design
This is a post hoc analysis of patients from the Oxford derivation
(N ¼ 265), North American validation (N ¼ 187), and VALIGA
(N ¼ 1147) studies, which have been previously described in
detail.1,3,4 In brief, the Oxford derivation and North American
validation studies included patients with biopsy-proven IgAN and
initial proteinuria $ 0.5 g per day, eGFR $ 30 ml/min per 1.73 m2,
and follow-up $ 1 year. The VALIGA study included patients with
biopsy-proven IgAN and either $ 1-year follow-up or progression to
ESRD within 1 year, without any restriction on proteinuria or eGFR.
From the combined cohort, we included patients in our analysis with
age $ 18 years without ESRD at the time of biopsy and $ 2 years of
follow-up. We excluded those missing eGFR, blood pressure, and
proteinuria at the time of biopsy, or blood pressure or proteinuria
over the first 2 years. These criteria were specifically chosen to ensure
that all patients in the analysis had the necessary clinical variables to
be included in all prediction models studied.
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Spedali Civili University Hospital, Brescia, Italy); M. Durlik
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Definitions
Proteinuria, MAP, and eGFR at biopsy were the closest values within
6 months of biopsy, whereas 2-year proteinuria and MAP were the
average of all values over the first 24 months after biopsy. GFR was
estimated using the 4-variable Modified Diet in Renal Disease for-
mula.31 The use of RASB at biopsy was any exposure within 6
months prior to biopsy, and RASB or immunosuppression use
during follow-up was any exposure after biopsy. The primary
outcome was a composite of either ESRD (eGFR to <15 ml/min per
1.73 m2), or a permanent reduction in eGFR to below 50% of the
value at biopsy.

Pathology review
In all three studies, renal biopsies were scored according to the
Oxford MEST scoring system by pathologists experienced in the
classification given their involvement in the original Oxford study,
the North American validation study, and the VALIGA study. They
were all blinded to patient outcomes at the time of pathology review.
Details of the histologic classification have been previously described,
and all cases had a MEST score defined as follows: M0/M1 as a
mesangial score # or > 0.5, or # or >50% of glomeruli with $ 4
mesangial cells per mesangial area, E0/E1 as the presence or absence
of endocapillary hypercellularity, S0/S1 as the presence or absence of
segmental sclerosis or tuft adhesions, and T0/T1/T2 as the degree of
tubular atrophy or interstitial fibrosis (<25%, 25–50%, >50%,
respectively).1,4

Statistical analysis
Time from kidney biopsy to the composite renal outcome (censored
at death or loss to follow-up) was analyzed using Cox proportional
hazards models. The analyses were chosen to identify the additional
predictive value of adding MEST to clinical data at biopsy compared
with using clinical data over 2 years of follow-up. Three different
statistical models were created: (i) clinical data at biopsy alone
(eGFR, proteinuria, and MAP); (ii) clinical data at biopsy with
MEST; and (iii) 2-year clinical data alone (eGFR at biopsy with
2-year proteinuria and MAP). Renal function at 2 years was not
included in the models to be consistent with the methods used in the
Bartosik, Oxford derivation, and North American validation, and
VALIGA studies.1–4,10 The functional form of all continuous vari-
ables was assessed, with log-transformation of proteinuria to
improve linearity. The proportional hazards assumption was assessed
using the global test for Schoenfeld partial residuals, and by adding
time-dependent covariates obtained as an interaction between each
variable and a heavyside step function of time. In both tests, there
was insufficient evidence to reject the null hypothesis of proportional
hazards. Overall model fit was assessed using Nagelgerke’s R2 and the
AIC, with an increase in R2 and reduction in AIC suggesting better
model fit. Discrimination was assessed using the C-statistic, the cNRI
(which does not require the a priori specification of probability
cutoffs to define cases from non-cases), and the IDI, all adapted to
account for censoring and evaluated using the 5-year risk of the
composite outcome (as this corresponded to the median duration of
follow-up of the cohort).32–34 When comparing two models, a DC-
statistic, cNRI, and IDI significantly greater than zero suggest
improvement in discrimination. CIs were generated using 1000
bootstrap samples. Calibration plots were generated using lowess
regression to plot predicted versus observed 5-year survival without
the composite renal outcome, with observed risks taken from
Kaplan–Meier estimates. To determine whether our results differed
within a priori defined subgroups based on the use of RASB prior to
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biopsy or immunosuppression use during follow-up, we evaluated
interaction effects between each MEST component and the RASB or
immunosuppression variables, and repeated our analyses within each
subgroup. To account for any effect that data clustering within co-
horts may have had on our findings, we repeated the multivariable
models using shared frailty survival analysis. The cluster effects were
added as independent and identically distributed random variables
assuming a normal distribution with mean zero and a common
variance (i.e., a lognormal distribution for the frailty compo-
nents).35,36 The estimated common variance of the random effects
were close to zero (<0.013) for all models, indicating no within-
cluster correlation. Similarly, the estimates of the lognormal frailties
were close to one for all clusters, and none were significant
(P > 0.19). The HRs and CIs for all covariates in the shared frailty
models were very similar compared with those obtained from the
Cox models that did not account for cluster effects.

Descriptive variables were presented as median (interquartile
range, owing to non-normal distributions) or frequency (count) and
compared across relevant groups using the Kruskal–Wallis test for
continuous variables and Fisher exact test for categorical variables.
All tests were two-sided with P < 0.05 considered statistically sig-
nificant. Analyses were performed using SAS Version 9.3 (SAS
Institute, Cary, NC) and figures were generated using R 3.1.2 (R Core
Team 2014, Vienna, Austria).
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Table S1. Description of the cohort based on RASB exposure within 6
months prior to biopsy. Data presented as median (IQR) or count
(percentage).
Table S2. Description of the cohort based on exposure to
immunosuppression after biopsy. Data presented as median (IQR) or
count (percentage). N/A, not applicable.
Table S3. Description of the cohort based on M0 versus Ml status.
Data presented as median (IQR) or count (percentage).
Figure S1. Median proteinuria values over time in subgroups based
on Ml versus M0 mesangial scores. Proteinuria both at biopsy and
over time was lower in those with M0.
Supplementary material is linked to the online version of the paper at
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